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IMPLEMENTATION  REPORT 

The  main  objective  of  this  research  is  to  evaluate  the  viability  of  using  Pyrolized 
Carbon  Black  (PCB)  from  waste  tires  as  a  reinforcing  agent  in  asphalt  mixtures.  It  has 
been  previously  reported  that  commercial  carbon  black  modified  asphalt  increased  the 
rutting  resistance  at  high  temperature  and  the  durability  of  asphalt  concrete.  It  has  been 
shown  that  the  temperature  susceptibility  and  the  cracking  propagation  potential  of  asphalt 
at  low  temperature  has  been  decreased  by  such  modification.  It  was  believed  that  PCB 
could  produce  similar  benefits,  and  this  laboratory  study  has  shown  that  such  is  the  case. 

Conventional  mix  design  methods,  such  as  the  Marshall  method,  can  be  used  to 
determinate  the  optimum  binder  content  for  the  PCB  modified  asphalt.  Major  problems  of 
asphalt  mixture  were  found  to  be  reduced  with  the  inclusion  of  PCB.  The  inclusion  of 
PCB  in  both  AC- 10  and  AC-20  grades  of  asphalt  improved  the  shear  resistance.  The 
resilient  modulus  increased  with  the  inclusion  of  PCB  in  both  AC- 10  and  AC-20  mixtures. 
The  plastic  deformations,  rutting  potential  decreased  with  added  PCB  in  AC- 10  mixtures. 
Also,  the  temperature  susceptibility  of  PCB  modified  asphalt  decreased.  The  stripping 
potential  was  decreased  with  the  use  of  PCB  in  both  grades  of  asphalt.  The  added  material 
cost  for  the  PCB  is  about  6  %  of  the  total  cost,  and  improvements  in  performance  may 
well  justify  such  increases. 

Based  on  the  laboratory  test  results,  mixing  technology  of  PCB  in  asphalt  should 
be  studied  in  the  laboratory  prior  to  further  attempts  in  the  field.  A  field  study  is 
recommended  to  verify  the  benefits  of  PCB,  which  were  observed  from  the  laboratory 
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The  existing  studies  of  (a)  PCB  modified  binder  characteristics  and  (b)  PCB  modified 
asphalt  concrete  parameters  when  slag  aggregates  are  used  should  be  completed. 

In  addition,  there  should  be  a  review  of  best  procedures  for  mixing  PCB  with 
asphalt  for  field  applications.  This  should  all  be  completed  in  early  1996.  Assuming  that 
these  other  components  of  this  study  are  as  positive  as  this  one,  a  test  road  should  be 
planned  for  1996.  The  test  road  would  provide  very  substantial  evidence  that  the 
improvements  observed  in  the  laboratory  are  indeed  real,  and  that  theses  improvements 
justify  the  increased  PCB  costs.  Mixes  for  the  test  road  will  be  provided  from  the 
laboratory  studies. 


CHAPTER  1 
INTRODUCTION 

1.1  Background  of  Research 

It  is  estimated  that  over  242  million  waste  tires  are  generated  each  year  in  the 
United  States.  In  addition,  it  is  reported  that  approximately  2  billion  waste  tires  are 
accumulated  in  stockpiles  or  uncontrolled  tire  dumps  across  the  country  (EPA,  1991). 
Therefore,  an  effective  and  economical  strategy  is  needed  to  handle  the  waste  tire 
problem.  Pyrolysis  of  scrap  tires,  a  rapidly  developing  and  spreading  technology,  is  an 
effective  and  economical  strategy  to  process  waste  tires.  As  many  as  5000  waste  tires  per 
day  can  be  processed  by  tire  pyrolysis  in  a  single  factory  (Wolf  Industries,  1994,  Cindy  et 
al.,  1990). 

Carbon  black  and  oil  are  the  main  byproducts  of  the  pyrolysis  of  scrap  tires  which 
typically  yields  55  %  oil,  25  %  carbon  black  9  %  steel,  5  %  fiber  and  6  %  gas.  The  carbon 
black  derived  from  the  tire  pyrolysis  is  called  pyrolized  carbon  black  (PCB)  in  this  study  to 
distinguish  it  from  the  commercial  carbon  black  (CB).  The  pyrolized  carbon  black  typically 
contains  75  %  carbon  black,  a  maximum  of  9  %  ash,  4  %  sulfur,  and  12  %  of  minimum 
butadiene  copolymer  (Roy  et  al.,  1990). 


Commercial  carbon  black  is  an  intensely  black,  fine  powdery  substance  that  has 
been  used  as  a  basic  raw  material  for  rubber,  printing  ink,  electrical  wires  and  plastic 
products.  Over  two-thirds  of  the  carbon  black  is  used  as  a  reinforcing  agent  by  the  tire 
industry.  According  to  Rostler  et  al.  (1977),  until  1919,  most  of  the  automobile  tires  were 
white  or  red  and  lasted  only  5,000  miles.  However,  due  to  the  use  of  CB  in  the  tire 
industry,  practically  all  tires  were  black  and  lasted  15,000  miles  to  20,000  miles  by  1929. 
Today,  tires  may  last  far  beyond  20,000  miles. 

The  use  of  carbon  black  as  a  reinforcing  agent  for  hot  mixed  asphalt  may  produce 
a  similar  benefit.  It  has  been  proposed  that  CB  also  be  used  to  reinforce  the  asphalt  cement 
in  pavements  (Rostler  et  al,  1977).  Yao  and  Monismith  (1986)  and  Vallerga  and  Gridley 
(19S0)  reported  that  the  use  of  CB  increased  the  rutting  resistance  at  high  temperature  and 
the  durability  of  asphalt.  They  also  found  that  the  temperature  susceptibility  and  the 
cracking  propagation  potential  of  asphalt  at  low  temperature  decreased.  In  spite  of  its 
effectiveness  as  a  modifier,  however,  use  of  CB  has  been  somewhat  limited  due  to  its 
relatively  high  material  cost. 

This  study  proposes  to  use  PCB  in  lieu  of  CB  as  a  reinforcing  agent  for 
conventional  asphalt  concrete.  Pyrolized  carbon  black  has  a  relatively  high  CB  content  and 
may  reasonably  be  expected  to  enhance  the  performance  of  asphalt  pavement.  Pyrolized 
carbon  black  is  obtainable  as  a  byproduct  of  tire  pyrolysis  and  is  a  relatively  inexpensive 
raw  material.  Furthermore,  tire  pyrolysis  could  be  a  remedy  for  the  mass  disposal  problem 
of  scrap  tires.  Below,  the  objectives  of  research,  the  method  used  for  research,  and  a 
description  of  the  chapters  in  this  formal  report  are  described. 


1.2  Objectives  of  Research 
This  study  has  two  main  objectives:  a)  to  investigate  the  viability  of  using  PCB  as 
an  additive  in  hot  mix  asphalt  pavement;  b)  to  demonstrate  the  degree  of  improvement 
achieved  by  use  of  the  additive. 

• 

1.3  Method  of  Research 

In  the  present  study,  the  following  laboratory  tests  were  carried  out  to  evaluate  the 
performance  and  the  characteristics  of  the  PCB  modified  asphalt.  The  laboratory  tests 
include  the  Marshall  method,  Gyratory  Testing  Machine  (GTM),  Dynamic  Creep  Test 
(confined),  Resilient  Modulus  Test,  Indirect  Tensile  Test  and  Hamburg  Wheel  Tracking 
Device. 

The  Marshall  method  was  used  to  determine  the  optimum  binder  content.  This 
method  was  also  used  to  evaluate  the  characteristics  of  each  mixture  in  terms  of  Marshall 
stability  and  flow,  air-voids,  voids  in  mineral  aggregates  (VMA),  and  voids  filled  by 
asphalt  (VFA).  The  optimum  binder  content  was  used  to  produce  test  specimens. 

The  Gyratory  Testing  Machine  (GTM)  was  used  to  investigate  the  stress  and  strain 
relationship  of  the  mixtures.  The  Gyratory  Compactibility  Index  (GO),  Gyratory  Stability 
Index  (GST),  Gyratory  Shear  (Sg),  and  variation  of  unit  weight  were  then  evaluated  and 
compared. 

The  Dynamic  Creep  Test  (confined)  was  carried  out  to  investigate  the  rutting 
potential  of  each  mixture.  The  results  were  evaluated  in  terms  of  mix  stiffness,  creep 
compliance  and  corrected  cumulative  creep. 


The  Resilient  Modulus  Test  was  performed  to  evaluate  the  temperature 
susceptibility  and  the  strength,  and  the  cracking  potential  for  each  mixture  was  obtained 
from  the  Indirect  Tensile  Test.  The  Hamburg  Wheel  Tracking  Device  was  employed  to 
determine  the  moisture  susceptibility  and  the  rutting  potential  of  the  mixtures. 

Different  ratios  of  PCB  (  5  %,  10  %,  15  %,  20  %  by  weight  of  the  asphalt)  were 
blended  with  two  different  grades  of  asphalt  (AC-10  and  AC-20).  The  test  results  were 
compared  to  the  CB  modified  asphalt  mixtures  (  5  %,  10  %,  15  %,  20  %  by  weight  of  the 
asphalt)  and  the  conventional  AC-10  and  AC-20  mixtures. 

1 .4  Format  of  Report 

This  report  consists  of  seven  chapters  that  present  a  review  of  literature,  describe 
the  research  conducted,  state  the  conclusions,  and  offer  recommendations.  The  appendices 
to  this  report  present  the  test  results  obtained  in  the  course  of  research  The  following  is  a 
brief  description  of  the  chapters  in  this  study. 

Chapter  2  provides  a  summary  of  the  current  technologies  that  exist  for  scrap  tire 
disposal.  This  chapter  also  describes  the  application  of  scrap  tires  in  the  fields  of 
geotechnical  engineering,  pavement  materials,  and  highway  construction.  Chapter  3 
provides  a  review  of  the  current  literature  on  the  use  of  commercial  carbon  black  in  the 
field  of  asphalt  pavement.  Chapter  4  describes  the  properties  of  the  materials  used  in  this 
study.  The  materials  include  the  aggregate,  pyrolized  carbon  black,  commercial  carbon 
black,  and  two  grades  of  asphalt  (AC-10  and  AC-20).  Chapter  5  explains  the  test  methods 
and  protocols,  the  preparation  of  specimens  and  the  equipment  used  in  each  test.  Chapter 


6  presents  analyses  of  the  data  obtained  and  discussions  about  these  test  results. 
Comparisons  are  made  between  test  results,  and  cost  data  are  supplied.  Chapter  7  contains 
the  conclusions  reached  in  this  study  and  offers  recommendations  for  further  research.. 
The  appendices  contain  the  results  for  the  Marshall  method,  Gyratory  testing  machine, 
Dynamic  creep  test,  Resilient  modulus,  and  Hamburg  wheel  tracking  device. 


CHAPTER  2. 
DISPOSAL  AND  APPLICATION  TECHNOLOGY  FOR  SCRAP  TIRES 

21  Introduction 

Various  concepts  and  techniques  are  proposed  and  developed  for  efficient  and 
economical  utilization  of  scrap  tires.  Highway  construction  and  asphalt  pavements  have 
led  to  the  most  popular  efforts  for  this  purpose.  Recycling  of  scrap  tires  is  highly  desirable 
and  a  leading  activity  for  environmental  protection. 

The  objectives  of  this  chapter  are  to  introduce  and  to  review  the  current  recycling, 
disposal  technology  and  application  of  scrap  tires  in  the  fields  of  geotechnical  engineering, 
asphalt  pavement  materials  and  highway  design. 

2.2  Disposal  Technology 
2.2.1  Source  Reduction 
According  to  the  EPA  (1991),  reduction  of  the  number  of  tires  used  is  needed  to 
minimize  the  tire  disposal  problem.  Three  applications,  1)  design  of  longer  wearing  tires, 
2)  reuse  of  used  tires,  and  3)  retreading  can  be  considered.  The  first  two  have  been  used 
by  manufacturers  and  consumers.  Retreading  involves  the  application  of  a  new  tread  to  a 
worn  tire  that  still  has  a  good  casing.  It  is  known  that  retreading  of  worn  tires  is  an 
efficient,  viable  procedure  for  scrap  tire  recycling. 


2.2.2  Incineration 

Incineration  of  scrap  tires  has  a  longer  history  than  other  disposal  methods  because 
of  its  simplicity.  However,  incineration  may  produce  environmental  problems  due  to  the 
air  emissions  from  the  burning  process.  If  the  environmental  problem  is  controlled 
adequately,  this  method  may  be  the  best  for  mass  disposal  of  scrap  tires.  Scrap  tires  are  an 
excellent  fuel  source,  with  an  estimated  heating  value  ranging  from  12,000  to  16,000 
Btu/lb  (EPA,  1991),  compared  to  coal  and  municipal  waste  fuel  values  of  12,000  to 
12,600  Btu/lb  and  2,500  to  8,500  Btu/lb,  respectively  (Beckman,  1974). 

According  to  Ahmed  and  Lovell  (1992),  proven  technology  exists  to  efficiently 
burn  whole,  shredded,  or  granulated  tires,  while  meeting  all  applicable  pollution  control 
codes.  In  1990,  10  percent  of  the  total  scrap  tires  generated,  about  25.9  million  tires,  were 
burned  for  energy  production.  The  use  of  tires  and  tire-derived  fuel  (tdf)  can  be 
accomplished  in  various  combustion  facilities  such  as  power  plants,  tire  manufacturing 
plants,  cement  klins,  pulp  and  paper  plants  and  small  package  steam  generators  (EPA, 
1991) 

2.2.3  Pyrolysis 

Pyrolysis  of  scrap  tires  is  a  rapidly  developing  and  spreading  technology.  Pyrolysis 
is  a  method  of  decomposing  tires  by  a  cooking  process  in  order  to  break  down  the  rubber 
into  salable  by-products.  Tire  pyrolysis  yields  approximately  55  %  oil,  25  %  carbon  black, 
9  %  steel,  5  %  fiber  and  6  %  gas  (Roy  et  al.,  1990).  The  yield  can  be  varied  depending  on 
the  operation  conditions  such  as  temperature  and  pressure.  High  temperature  (i.e., 
900°C),  pyrolysis  yields  larger  quantities  of  residues,  which  are  called  pyrolized  carbon 
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black  in  this  study,  steel  and  ashes.  Lower  temperature  pyrolysis  yields  larger  quantities  of 
oils,  mostly  olefins,  aromatics,  and  naphtenes  (OECD,  1981) 

Destructive  distillation  and  carbon  black  recovery  are  the  two  main  operations  in 
the  pyrolysis  of  tires.  As  many  as  5000  waste  tires  can  be  processed  in  a  day  by  a  single 
facility  (Cindy  et  al.,  1990).  The  products  recovered  in  pyrolysis  can  be  reprocessed  for 
the  manufacturing  industry  and  for  the  construction  industry.  In  order  to  be  an  effective 
and  economical  method  (Roy  et  al.,  1990),  1)  whole  tires  should  be  used  as  feedstock 
rather  than  shredded  tires;  2)  the  plant  operation  should  be  supported  by  a  high-quality 
control  laboratory  that  can  be  operated  by  low-level  technicians.  In  addition,  it  is 
necessary  that  constant  and  steady  markets  exists  for  the  carbon  black  and  other  residues, 
which  otherwise  need  to  be  landfilled. 

2.3  Application  Technology 
Tires  may  be  used  in  total  or  in  parts.  Sidewalls  and  treads  may  be  cut  from  the 
whole  and  linked  in  various  ways  to  constitute  mats.  The  entire  tire  may  also  be  cut  or 
shredded  and  the  parts  used  in  various  ways. 

2.3.1  Geomaterial  and  Geotechnical  Applications 
Soil  Reinforcement  and  Retaining 

Soil  can  be  reinforced  with  whole  scrap  tires.  Various  agencies,  in  the  United 
States  and  abroad,  have  tested  and  evaluated  the  use  of  whole  tires  for  soil  reinforcement 
and  retaining.  The  use  of  whole  tires  or  sidewalls  and  treads  in  embankment  construction 


was  reported  by  Forsyth  and  Egan  (1976).  The  sidewalls  and  treads  can  be  separated  into 
mats  and  strips  which  are  used  to  increase  stability  in  soil  embankments. 

The  product  Terramat  was  developed  and  patented  by  Construction  Incorporated, 
Youngstown,  Ohio  (Biocycle,  1989).  Tire  sidewall  mats  are  linked  with  stainless  steel 
strapping  to  provide  a  temporary  road  across  a  swampy  area.  The  Terramat  system  is 
economical  in  soft,  unstable  and  waterlogged  areas. 

Pneusol  (Rubbersoil)  has  been  developed  (1976)  in  France  (Ahmed,  1993).  It  is  a 
combination  of  soil  and  tire  parts,  which  may  be  linked  in  chains  or  placed  in  layers.  The 
study  showed  that  Pneusol  improves  the  mechanical  properties  of  soil  either 
anisotropically  or  isotropicalry  ( Audeoud  et  al.,  1990). 

According  to  Caltrans  (1988),  whole  tires  anchored  into  the  backfill  are  used  in 
various  configurations  to  retain  heights  of  soil  up  to  10  feet.  This  technique  is  mostly  used 
in  California  to  prevent  slope  failure  along  local  highways. 
Erosion  Control  and  Offshore  Protection 

The  California  Transportation  Research  Division  used  discarded  tires  to  mitigate 
several  erosion  problems.  Tires  bound  together  and  partially  or  completely  buried  on 
unstable  slopes  were  tested  between  1982  and  1986.  California  found  that  this  application 
was  practical  and  economical. 

Scrap  tires  also  have  been  used  for  shoreline  protection.  Breakwaters  to  protect 
the  harbor  and  shorelines  against  full  transmission  of  wave  energy  are  an  example. 
According  the  to  EPA  (1991),  the  US  Army  Corps  of  Engineers  found  that  scrap  tire 
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breakwaters  were   effective  for   smaller  waves   and   had   excellent   energy  absorbing 
properties. 

The  US  Bureau  of  Sport  Fisheries  and  Wildlife  has  been  experimenting  with 
artificial  reefs  made  from  used  tires  since  1965.  The  artificial  reefs  provide  shelters  for 
aquatic  life  (Ruth,  1991)  This  technique  is  preferred  due  to  its  low  cost  of  material  (tires), 
longer  service  life,  large  surface  area,  ease  of  design  and  construction,  and  especially,  as  a 
convenient  method  for  mass  disposal.  However,  construction  of  artificial  reefs  is  labor 
intensive  and  thus  expensive.  Also,  the  long  term  effect  of  artificial  reefs  on  the  ocean 
environment  is  yet  unknown. 
Lightweight  Fill 

Lightweight  fills  lessen  settlement  and  increase  stability  over  soft  foundations. 
Woodchips  or  sawdust  generally  have  been  used,  however,  wood  is  biodegradable  and 
thus  lacks  durability.  Shredded  tires  can  be  used  for  this  purpose,  because  tires  are  non- 
biodegradable. Various  methods  have  been  attempted,  i.e.,  tire  chips  mixed  with  different 
contents  and  types  of  soil  or  tire  chips  layered  with  soils.  Ahmed  (1993)  and  Ahmed  and 
Lovell  (1992)  present  excellent  discussions  of  rubber  soil  and  use  of  tire  chips  in  highway 
construction. 

Synthetic  turf,  playground  gravel  substitutes  and  mulch  are  other  good  examples 
of  the  use  of  shredded  tires.  Tire  tuft  is  prepared  by  mixing  shredded  tires  (bead-free)  with 
binder,  such  as  polyurethane,  latex,  or  asphalt.  The  tire  turf  is  laid  like  concrete  and  cures 
overnight  (Anderson,  1972).  In  commercial  playgrounds,  gravel  substitutes  and  running 
tracks  are  composed  of  tires  shredded  to  sizes  ranging  from  1/4  in.  to  5/8  in.  Steel  is 
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removed  from  the  tire  chips  to  provide  a  better  cushion,  and  a  more  durable,  cleaner 
environment  than  conventional  gravel,  stones  and  wood.  Shredded  tires  may  also  serve  as 
a  mulch  for  landscaping  along  highways.  Wood  chips  and  straw  have  also  been  used  as 
mulch.  The  advantages  of  tire  chips  for  mulch  are  durability  and  ease  of  maintenance. 
2.3.2  Asphalt  Pavement  and  Highway  Applications 

Crumb  rubber  is  produced  by  either  cryogenics  or  mechanical  size  reduction  with 
shredders  and  grinders  (EPA,  1991).  In  the  cryogenic  process,  the  cooled  tire  pieces  drop 
into  a  hammer  mill  to  be  fractured  into  crumb  rubber,  steel,  and  fiber.  In  the  mechanical 
process,  tires  are  shredded  to  3/4  inch  chips,  and  then  a  magnetic  and  fiber  separator 
removes  all  steel  and  polyester  fragments.  The  rubber  chips  are  then  further  reduced  to 
pebbles  by  a  cracker  grinder.  A  series  of  screening  and  regrinding  operations  achieves  the 
desirable  crumb  size  of  600  to  800  microns. 

Crumb  rubber  has  been  utilized  for  rubber  and  plastic  products  or  processed  into 
reclaimed  rubber  or  asphalt  products.  When  crumb  rubber  is  used  in  asphalt  paving 
products,  it  is  called  crumb  rubber  additive  (CRA).  Two  incorporation  processes  are 
available,  one  is  a  wet  process  where  CRA  is  blended  with  asphalt  cement,  and  the  other  is 
a  dry  process  where  CRA  is  mixed  with  hot  aggregate. 
Crack/Joint  Sealant 

Crack/joint  sealant  is  one  of  the  asphalt-rubber  applications.  An  amount  of  IS 
percent  to  30  percent  CRA  is  blended  with  asphalt  cement,  and  this  product  is  used  by 
many  state  highway  agencies.  The  performance  is  found  to  be  generally  satisfactory, 
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although  use  of  CRA  increases  cost.  However,  the  additional  cost  may  be  justified  in  view 
of  better  performance  and  longer  service  life  of  the  sealant 
Surface/Interlayer  Treatments 

Stress  absorbing  membranes  (SAM)  and  stress  absorbing  membrane  interlayers 
(SAMI)  are  used  for  surface/interlayer  treatment  applications.  The  CRA  is  used  to 
manufacture  SAM  and  SAMI.  The  implementation  of  SAM  is  not  only  to  seal  underlying 
cracks  and  prevent  the  entry  of  surface  water  into  the  pavement  structure,  but  also  to 
absorb  the  stresses  that  would  allow  the  underlying  cracks  to  reflect  up  to  the  surface.  The 
difference  between  SAM  and  SAME  is  that  SAM  does  not  have  an  overlay,  whereas  SAMI 
does  (Ahmed,  1991).  Both  SAM  and  SAMI  increase  the  cost.  Heitzman  (1992)  reported 
that  this  additional  cost  in  SAM  and  SAMI  may  be  justified  due  to  their  somewhat  better 
performance  and  generally  longer  service  life. 
Asphalt-Rubber  Binder  and  Mixtures 

Charles  McDonald  developed  a  highly  elastic  maintenance  surface  patching  by 
using  CRA  An  amount  of  15  to  20  percent  CRA  by  weight  of  asphalt  cement  was  used  in 
asphalt-rubber  binder  production  to  be  known  as  the  McDonald  technology  (Heitzman, 
1992).  According  to  McQuillen  and  Hicks  (1987),  the  advantages  of  using  asphalt-rubber 
in  hot  mix  asphalt  include  a  higher  viscosity  than  conventional  asphalt  at  140°F  (60°C), 
tougher  and  more  elastic  surface,  and  greater  resistance  to  aging.  This  technology  is 
patented  by  the  Sahuaro  Petroleum  Asphalt  Company  and  the  Arizona  Refinery  Company. 
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Rubber  Modified  Asphalt 

Rubber  modified  asphalt  is  a  dry  process.  This  concept  was  developed  in  the  late 
1960s  in  Sweden  and  then  introduced  in  the  United  States  in  the  1970s  as  the  patented 
product  called  PlusRide  (Allen  and  Turgen,  1990).  According  to  Takallou  and  Hicks 
(1988),  3  percent  by  weight  of  coarse  and  fine  rubber  particles  are  used  to  replace  the 
aggregates  in  the  PlusRide  process.  PlusRide  has  a  unique  mix  design  procedure.  Only  the 
quantity  of  air  voids  is  determined  to  establish  the  mix  quality  of  asphalt.  The  two  most 
significant  advantages  are  decrease  of  reflection  and  thermal  cracking  and  increase  of  skid 
resistance  (McQuillen  and  Hicks,  1987).  Many  studies  indicated  that  the  performance  and 
characteristics  of  the  mixture  are  improved  and  the  service  life  of  pavement  extended  by 
including  CRA  as  a  binder  or  as  an  aggregate  substitute.  However,  the  questionnaire 
survey  performed  by  Ahmed  (1991)  showed  that  the  advantages  are  not  always  verified, 
especially  in  field  performance.  Therefore,  more  research  is  required  to  substantiate  the 
use  of  CRA  for  rubber  modified  asphalt. 
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CHAPTER  3 
USE  OF  COMMERCIAL  CARBON  BLACK  IN  ASPHALT  MIXTURES 

3.1  Background 

The  use  of  carbon  black  as  an  additive  in  asphalt  pavement  mixtures  to  enhance  the 
performance  has  been  investigated  by  many  researchers.  The  use  of  carbon  black  is 
intended  to  improve  rutting  resistance,  reduce  temperature  susceptibility,  and  decrease 
low  temperature  cracking. 

The  concept  of  using  carbon  black  as  an  reinforcing  agent  for  asphalt  was  first 
introduced  by  Alliotti  (1962),  who  described  the  characteristics  of  carbon  black  and 
identified  its  potential  advantages  as  an  asphalt  additive. 

3.2  Summary  of  Laboratory  Studies 

Martin  (1962)  performed  laboratory  testing  with  pelletized  rubber  grade  carbon 
blacks.  Martin's  test  results  did  not  show  any  improvement  of  the  performance  of  asphalt 
because  of  poor  dispersion,  low  carbon  black  concentrations,  and  the  incompatibility  of 
fluxing  oil  added  to  the  carbon  black. 

In  1977,  Rostler  et  al.  (1977)  reported  fundamental  differences  between  carbon 
black  modified  asphalt  and  conventional  asphalt.  They  described  the  usefulness  and 
effectiveness  of  carbon  black  in  asphalt  pavement.  A  pelletized  carbon  black  product  was 
developed  for  asphalt  pavement  mix  design  as  a  result  of  the  study.  They  found  the  75  % 
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carbon  black  and  25%  fluxing  oil  ratio  to  be  a  good  compromise  for  practical  applications. 
Pelletizing  with  oil  aids  handling  loose  carbon  black  in  the  field  and  also  provides  proper 
dispersing  effects  in  asphalt.  The  test  results  showed  that  the  inclusion  of  10  to  15  percent 
carbon  black  by  binder  weight  could  substantially  improve  the  properties  of  asphalt, 
including  reduction  of  temperature  susceptibility  and  age  hardening.  Also  they  found  that 
among  the  many  types  of  carbon  black,  the  high  structure  high  abrasion  furnace  (HAF) 
type  of  carbon  black  is  the  most  useful  for  asphalt  cement  reinforcement. 

Vallergra  and  Gridley  (1980)  indicated  the  importance  of  proper  dispersal  of 
carbon  black  particles  in  asphalt  to  achieve  the  desired  effects.  They  also  recommended 
the  use  of  a  pelletized  carbon  black  for  adequate  dispersing  action.  The  good  dispersal 
action  ensures  the  microfiller  effect  in  asphalt  binder  so  that  the  usefulness  of  carbon  black 
can  be  maximized.  The  field  observation  and  laboratory  test  results  revealed  that 
durability,  wear  resistance,  and  temperature-viscosity  susceptibility  were  improved  by  the 
use  of  submicrometer-size  carbon  black  at  contents  of  11  to  16  %  by  weight  of  asphalt. 
The  strength  determined  by  the  Marshall  load  test  was  increased  40  %.  Reduced  wear  was 
observed  in  the  carbon  black  section  compared  to  the  conventional  asphalt  section.  The 
increase  of  the  stiffness  of  the  asphalt  at  high  temperature  did  not  affect  its  low 
temperature  stiffness  characteristics.  They  confirmed  the  usefulness  of  high  structure  HAF 
type  carbon  black  as  a  reinforcing  agent  in  an  asphalt  mix.  They  also  found  that  the 
properties  of  a  given  asphalt  carbon  black  blend  varied  somewhat  depending  on  the 
characteristics  of  the  asphalt. 
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Yao  and  Monismith  (1986)  found  that,  with  15  to  20  percent  Microfil  8  (carbon 
black)  in  the  mixture,  there  was  improvement  of  rutting  resistance  at  high  temperatures. 
The  results  of  unconfined  creep  tests  showed  that  carbon  black  mixtures  exhibited  less 
change  in  creep  modulus  with  time  than  conventional  mixtures.  While  not  improving  the 
fatigue  and  tensile  characteristics  of  the  mixtures,  carbon  black  did  not  adversely  affect 
them  either.  They  concluded  that  a  comparatively  soft  asphalt  may  be  used  to  mitigate  low 
temperature  cracking  and  yet  provide  improved  resistance  to  rutting  when  treated  with 
carbon  black. 

Most  recently,  Khosla(1991)  carried  out  a  study  of  various  additives  including 
carbon  black.  He  found  that  carbon  black  modified  asphalt  reduced  temperature 
susceptibility,  increased  resilient  modulus  values  at  higher  temperatures,  and  increased 
rutting  resistance  compared  to  conventional  asphalt. 

The  previous  studies  acknowledged  the  usefulness  of  carbon  black  as  a  reinforcing 
agent.  Three  common  features  of  thses  studies  are  that:  1)  the  commercial  pelletized 
carbon  black  (Microfil  8)  was  used  for  the  mix  design;  2)  the  effective  ratio  of  carbon 
black  ranges  between  10  %  and  20  %  by  weight  of  asphalt;  3)  the  increase  in  rutting 
resistance  is  the  most  significant  of  all  other  improvements,  however,  the  properties  of 
carbon  black  modified  asphalt  are  somewhat  dependent  on  the  characteristics  of  the 
asphalt  used.  A  detailed  summary  of  the  test  procedures,  protocol  and  results  are  provided 
in  Appendix  A 
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3.3  Summary  of  Field  Studies 

Field  studies  performed  by  several  state  DOTs  produced  varied  results.  Augeri 
(1986)  of  Connecticut  reported  incidents  of  eye  and  skin  irritation.  Therefore,  protective 
equipment  and  clothing  are  recommended.  Raven  (1987)  of  Minnesota  reported  that 
carbon  black  with  sulphur  additive  minimized  flushing.  The  additional  cost  of  carbon  black 
and  its  processing  in  pavement  construction  seems  to  increase  the  construction  cost.  Hare 
(1990)  from  the  Pennsylvania  DOT  does  not  recommend  the  use  of  carbon  black  because 
the  benefits  do  not  offset  the  additional  cost.  Foster  (1990)  of  the  Maine  DOT  reported  no 
distinguishable  improvement  in  the  performance  of  the  pavement.  Lohrey  (1991)  of 
Connecticut  showed  that  an  addition  of  15  percent  carbon  black  by  weight  of  binder 
reduced  crack  propagation,  however,  the  cost  of  the  project  increased  up  to  47  percent. 

As  discussed  above,  field  studies  showed  different  results  when  they  are  compared 
to  the  laboratory  test  results.  The  possible  reasons  for  these  differences  may  include: 
different  working  conditions,  weather,  skill  of  the  crew,  etc..  It  is  reported  that 
construction  costs  increased  40  %  to  60  %,  however,  when  the  life  of  the  pavement  is 
considered,  the  construction  cost  would  be  offset  by  the  improvement  of  the  pavement 
performance.  This  is  a  rather  typical  problem  in  asphalt  pavement  studies,  therefore,  field 
studies  are  required  to  verify  laboratory  test  results  after  the  laboratory  tests  are 
completed.  Two  field  studies  performed  by  Connecticut  DOT  and  Maine  DOT  are 
summarized  in  Appendix  A. 
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CHAPTER  4 
MATERIALS  USED 

41  Aggregate 

A  typical  Indiana  Dephi  limestone  was  used  for  the  mix  design.  The  aggregates 
were  obtained  from  local  asphalt  plant  stock-piles.  A  vibrating  table  sieve  shaker  (Gilson 
Model  323333)  was  used  to  sieve  the  aggregate  retained  on  the  #4  (4.75  mm),  and  8  inch 
diameter  sieves  used  for  the  #8  (2.36  mm)  aggregate  to  #200  (0.075  mm)  aggregate.  The 
Indiana  Department  of  Transportation  (INDOT)  specification  for  #9  binder  aggregate  was 
adopted  for  the  target  gradation  and  the  gradation  of  the  aggregate  was  carefully 
controlled  after  an  initial  round  of  Marshall  tests.  The  target  gradation  of  the  aggregate  is 
shown  in  Figure  4.1.  The  fine  aggregate  was  prepared  by  crushing  the  coarse  fraction. 
Table  4. 1  summarizes  the  gradation  of  the  aggregate  used  for  all  the  mix  designs. 

The  bulk  specific  gravity  and  apparent  specific  gravity  of  the  coarse  aggregate  are 
2.47  and  2.51,  respectively,  and  for  the  fine  aggregate,  they  are  2.742  and  2.797, 
respectively.  The  bulk  specific  gravity  and  the  apparent  specific  gravity  of  fine  aggregate 
are  2.742  and  2.797,  respectively.  The  absorption  of  coarse  aggregate  was  0.58,  and  was 
0.71  for  fine  aggregate.  For  the  coarse  aggregate,  the  specific  gravity  testing  was  carried 
out  in  accordance  with  ASTM  CI 27,  and  for  the  fine  aggregate,  in  accordance  with 
ASTM  CI  28. 
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Figure  4. 1  The  Gradation  of  the  Aggregate 
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Both  tests  were  run  three  times  by  different  operators  and  the  results  were  averaged.  The 
test  results  of  specific  gravity  are  summarized  in  Table  4.2. 

Table  4.1  The  Gradation  of  the  Aggregate. 


Sieve  Size 

%  Passing  (Controlled) 

Spec.  Range  %  Passing 

3/4  "  (19  mm) 

100 

100 

1/2  "  (12.5  mm) 

81 

70-92 

3/8  "  (9.5  mm) 

63 

50-76 

#  4  (4.75  mm) 

40 

40  ±5 

#  8  (2.36  mm) 

25 

18-45 

#16  (1.18  mm) 

16 

10-36 

#  30  (0.6  mm) 

10 

6-26 

#  50  (0.3  mm) 

6 

2-18 

#100  (0.15  mm) 

4 

0-11 

#  200  (0.075  mm) 

2 

0-  4 

Table  4.2  Summary  of  Specific  Gravities. 


Specific  Gravity 

+  No.4  Aggregate 

-  No.4  Aggregate 

Bulk,Gsb 

2.47 

2.742 

Apparent,  Gsa 

2.51 

2.797 

Absorption,  % 

0.58 

0.71 
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4.2  Asphalt 

Grades  AC- 10  and  AC-20  were  used.  The  main  reason  for  selecting  the  two  types 
of  asphalt  is  that  these  two  types  of  asphalt  are  the  most  commonly  used  in  the  United 
States.  The  asphalt  was  obtained  from  the  local  asphalt  plant.  The  refinery  is  unkown. 

The  physical  properties  of  AC- 10  and  AC-20,  including  those  provided  by  the 
supplier,  are  summarized  in  Table  4.3.  The  values  from  these  tests  comply  with  the 
INDOT  specifications. 


Table  4.3  The  Physical  Properties  of  AC- 10  and  AC-20. 


Test 

AC  10  (Requirements  of 
Specification) 

AC20(Requirements  of 
Specification) 

Penetration  @  77°F  (25°C) 
(0.1mm),  100g,5  sec. 

87  -  106  (70  -  140) 

63-65(50-110) 

Kinematic  Viscosity  @  275°F 
(135°C),  Centistokes,  Min. 

316(250) 

406  (300) 

♦Absolute  Viscosity  @  140°F 
(60°C),  Poise,  Max. 

2670 (4000) 

5497  (8000) 

Flash  Point,  Cleveland  Open 
Cup,  °C,  Min 

231(218) 

260  (  232) 

Solubility  in  Organic 
Solvents,  %,  Min. 

99.9  (99.0) 

99.95  (99.0) 

♦Ductility  @  25°C,  5 
Cm/min,  Cm,  Min. 

60(60) 

60  (40) 

*  Residue  from  from  the  Thin-Film  Oven  test 
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4.3  Pvrolized  Carbon  Black  fPCB) 

Pyrolized  Carbon  Black  (PCB)  was  provided  by  Wolf  Industries,  Brazil,  Indiana. 
Wolf  Industries  has  obtained  oil  from  the  waste  tire  burning  process  and  pyrolized  carbon 
black  is  a  by-product  of  the  pyrolysis  of  waste  tires.  Carbon  black  and  oil  are  the  main 
products  obtained  from  the  pyrolysis  of  waste  tires.  Yields  from  tire  pyrolysis  vary  with 
the  facility  and  the  method  used.  Tire  pyrolysis  typically  yields  55%  of  oil,  25%  of  carbon 
black,  9%  of  steel,  5%  of  fiber  and  6%  of  gas. 

The  information  provided  from  Wolf  Industries  specified  that  pyrolysis  is  a  method 
of  decomposing  tires  by  a  "cooking"  process  in  order  to  break  down  the  tire  rubber  into 
salable  byproducts.  The  process  by  which  pyrolized  carbon  black  is  produced  is  highly 
protected  as  confidential  and  proprietary  by  the  manufacturer.  Only  limited  and  general 
information  is  available  from  Wolf  Industries.  Figure  4.2  outlines  the  processing  diagram 
for  the  pyrolysis  of  waste  tires  in  the  production  of  pyrolized  carbon  black  by  Wolf 
Industries. 

Pyrolysis  also  is  called  destructive  distillation,  thermal  depolymerization,  thermal 
cracking,  carbonization,  or  cooking.  There  are  several  other  methods  of  tire  pyrolysis.  The 
pyrolized  carbon  black  used  in  this  study  is  obtained  from  the  most  common  process, 
reductive  (retort)  pyrolysis.  A  schematic  of  the  operation  process  of  pyrolized  carbon 
black  is  depicted  in  Figure  4.3. 

Pyrolized  carbon  black  contains  a  maximum  of  9%  ash  content,  4%  sulfur  content, 
12%  minimum  butadine  copolymer  content(nitrile  rubber),and  75%  carbon  black.  This 
type  of  carbon  black  could  partially  replace  commercial  carbon  blacks  for  the  preparation 
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Tire  Collection  and 
Handling 


•  Semi-Tractor  collects  used  tires  for  90  days. 

•  Tire  inspection  (only  light  weight  tires  are  accepted) 


Production  Area 


•  The  tires  are  sent  by  the  conveyor. 

•  The  tires  are  cut  and  cleaned. 
(About  6"  in  length) 

•  The  cut  tires  are  sent  to  the  main  machinery 
for  next  process. 


The  Retort 


•  The  tire  bundles  evaporate  at  approximately 
800°F.  (The  Pyrorysis  Process) 

•  As  a  result,  the  solids  in  the  tires,  CARBON  BLACK 
and  steel,  mil  to  the  bottom  of  the  tubes. 


End  Processing  of  Solid 


•  The  CARBON  BLACK  and  steel  are  moved 
through  a  water  cooled  table  to  begin  the  cooling 
process. 

•  The  upgraded  carbon  black  is  sent  to  a  wet  pulverizer 
and  milled  to  reduce  the  particle  size. 


Final  Processing  of 
Vapors  and  Liquids 


•  The  separation  of  volatiles  and  non-volatiles. 

•  The  recovery  of  oil  through  a  distillation  process. 

•  The  distillation  of  the  condensable  vapors. 

•  Flue  gas  from  the  process. 


Figure  4.2  The  Processing  diagram  of  the  Pyrolysis  of  Waste  Tire  by  Wolf  Industries 
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Note  :  l=Feed  conveyor,  2= Vacuum  reactor,  3=Cooling  screw,  4=Discharge  Screw, 
5=Crusher,  6=Vibratory  screen,  7=Carbon  black  handling  system,  8=Heavy  oil  quencher, 
9=Light  oil  quencher,  10=Decanter,  ll=Vacuum  pump,  12=Elare  stack,  13=Heavy  oil 
storage,  14=Light  oil  storage,  15=Magnetic  separator,  16=Steel  recovery  bin. 


Figure  4.3  Schematic  of  the  Operation  Process  of  Pyrolized  Carbon  Black  (After  Roy  et 
al.,  1990) 
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of  low-grade  rubber  products  (Roy  et  al.,  1990).  The  gradation  of  pyrolized  carbon  black 
is  90%  or  greater  through  the  #200  sieve.  The  determination  of  particle  size  distribution 
passing  the  #200  using  an  hydrometer  was  impossible  because  carbon  black  did  not  mix 
with  water  and  floated  on  the  water  surface.  Material  test  results  provided  by  Wolf 
Industries  show  that  pyrolized  carbon  black  is  insoluble  in  water.  The  particle  size  and 
surface  area  of  pyrolized  carbon  black  passed  through  a  mill  grinder  are  shown  in  Table 
4.4. 

Table  4.4  The  Particle  Size  and  Surface  Area  of  Pyrolized  Carbon  Black  (Mill  Ground) 


Name  of  the 
Products 

Rg  (A),  Particle 
Size 

Specific  Surface 
Area,  gm/cm3 

Large  Scale 
df 

Large  Scale 
Rg(um) 

BC100 

430 

157 

1.9 

0.87 

BC200 

343 

188 

2.3 

0.52 

BC500 

439 

159 

2.4 

0.70 

WC500 

230 

338 

1.7 

N/A 

NC339 

304 

187 

N/A 

(>  0.49) 

NOTE  :  NC  339  is  a  pure  carbon  black  and  listed  for  comparison  to  pyrolized  carbon  black. 


General  properties  of  a  similar  carbon  black  sample  produced  during  vacuum 
pyrolysis  of  scrap  tire  are  also  summarized  in  Table  4.5.  From  the  environmental  point  of 
view,  the  pyrolized  carbon  black  may  form  toxic  materials  (carbon  dioxide  and  carbon 
monoxide)  however  as  stability  is  high,  this  may  not  occur  easily. 
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Table  4.5  General  Properties  of  Carbon  Black  Produced  during  Vacuum  Pyrolysis  of 

Used  Tires.  (After  Roy  et  al.,  1990) 

Iodine  Index  (mg/g)  144.2-151.4 

DPB  Adsorption  (ml/ lOOg)  84.6-  93.0 

Heat  Loss  at  105  °C  (%)  57. 1  -  60.6 

Tint  Strength  (%  ITRB)  15.5  -  17.0 

Ash  (%)  4.9  -  3.3 

Volatile  Matter  2.5-3.0 

NOTE  :  Ultimate  temperature  was  525°C  and  total  pressure  varied  between  1.5  and  4.5  kPa. 
(Feedstock  included  both  regular  and  steel  belt  used  tire  samples.) 


The  pyrolized  carbon  black  is  blended  with  asphalt  as  received.  The  particles  of 
pyrolized  carbon  black  are  much  coarser  than  high  structure  HAF  (High  Abrasion 
Furnace)  type  carbon  black,  however,  most  of  the  coarse  particles  are  easily  broken  down 
by  normal  pressure.  The  color  is  lighter  than  HAF  type  carbon  black. 

4.4  Carbon  Black  (CB) 
Carbon  black  (CB)  was  purchased  from  CABOT  Industry,  Boston,  Massachusetts. 
The  trade  mark  is  REGAL  300R.  Carbon  black  was  discovered  in  1915  (Rostler  et  al., 
1977).  About  40  different  types  of  commercial  carbon  black  are  sold  in  the  current 
market.  Carbon  black  has  been  used  in  many  industries  such  as  for  ink,  plastic,  rubber,  and 
electronic  wires.  Among  those  industries,  the  largest  consumer  is  the  rubber  industry.  The 
quality  of  carbon  black  is  determined  by  its  micro  structure,  surface  area  and  particle  size. 
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It  is  generally  known  that  the  high  quality  carbon  blacks  provide  small  particle  size  and 
large  surface  area. 

According  to  Powell  (1968),  definition  of  carbon  black,  in  terms  of  manufacturing, 
is  that  "  formed  by  incomplete  combustion  of  many  organic  substances  such  as  solid, 
liquid  and  gas".  There  are  four  types  of  carbon  black:  furnace  carbon  blacks,  channel 
blacks,  thermal  blacks,  and  lamp  blacks.  Each  carbon  black  may  be  composed  of  several 
grades  determined  by  the  particle  size  and  the  specific  surface  area.  Furnace  blacks  are 
made  in  a  furnace  by  partial  combustion  of  hydrocarbons;  channel  blacks  are  manufactured 
by  impingement  of  natural  gas  flames  on  channel  irons;  thermal  blacks  are  produced  by 
thermal  decomposition  of  natural  gas;  and  lamp  blacks  are  collected  from  soot  lamps  or 
burning  candles. 

The  carbon  black  used  in  this  study  is  high  structure  high  abrasion  furnace  (HAF) 
type  carbon  black.  It  is  known  that  this  carbon  black  is  the  second  best  carbon  black  in  the 
market.  The  reason  for  choosing  the  high  structure  HAF  type  is  that  several  researchers 
have  reported  that  improvement  of  temperature  susceptibly  and  of  rutting  and  cracking 
resistance  was  achieved  by  carbon  black  modified  asphalt  of  the  high  structure  HAF  type 
(Khosla,  1991,  Yao  and  Monismith,  1986,  Vallerga  and  Gridley,  1980,  Rostler  et  al., 
1977). 

Typical  properties  of  several  carbon  blacks  are  summarized  in  Table  4.6.  The 
alphabetical  code  designations  in  Table  4.6  are  used  in  the  rubber  industry  for  product 
identification  (Rostler  et  al.,  1977).  It  can  be  noted  from  the  summary  presented  that  the 
particle  size  of  all  the  carbon  black  is  orders  of  magnitude  smaller  than  ground  limestone. 
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The  increase  of  surface  area  is  highly  significant  as  the  mean  particle  diameter  decreases. 
Particle  size  and  structure  are  the  two  most  important  parameters  to  define  the 
performance  characteristics  of  carbon  black.  When  the  particle  size  becomes  smaller, 
dispersibility  becomes  more  difficult.  This  type  of  carbon  black  needs  a  high  speed  quality 
of  mixer  to  ensure  proper  mixing.  When  higher  structure  carbon  black  is  used,  the 
dispersibilty  becomes  easier.  Typical  performance  characteristics  of  carbon  blacks  are 
illustrated  in  Figure  4.4. 

The  analytical  specifications  of  REGAL  300R  carbon  black  from  the  CABOT 
industry  are  shown  in  Table  4.7.  As  can  be  seen  in  Table  4.7,  density  is  12.5  ±  3  pcf  ash 
content  is  a  maximum  of  1.0  percent,  iodine  index  is  76  ±  5  mg/g,  Dibutyl  Phthalate 
absorption  is  85  ±  5  cc/100g,  and  tint  strength  is  1 13  ±  5  %  ITRB.  Mean  particle  diameter 
ranges  from  100  to  500  nanometers,  and  surface  area  is  between  15  and  100  mVg.  Rostler 
et  al.  (1977)  reported  that  "the  particle  aggregates  of  carbon  black  have  an  infinite  variety 
of  geometric  forms  from  clustered  to  branched  and  filamentous  configurations.  Carbon 
black  is  hydrophobic  material,  and  nearly  pure  carbon  black  contains  less  than  3%  of  other 
elements." 
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Table  4.6         Summary  of  Typical  Properties  of  Carbon  Blacks  and  Fillers  (After  Rostler 
et  al.,  1977) 


Symbol 

Type 

Mean  particle 
Diameter,  nm 

Surface  Area 
m2/g 

DBP  Absorption 
cc/lOOg 

SAF 

Super  Abrasion 
Furnace  Black 

19 

145 

115 

|        HAF-HS 

High  Structure, 
High  Abrasion 
Furnace  Black 

26 

90 

125 

HAF 

High  Abrasion 
Furnace  Black 

29 

80 

103 

!           FEF 

Fast  Extruding 
Furnace  Black 

42 

40 

120 

SRF 

Semi-Reinforcing 
Furnace  Black 

60 

25 

75 

MT 

Medium 
Thermal  Black 

500 

7 

33 

Kaolin  Clay 

100-5000 

5-10 

25 

Ground 
Limestone 

35000 

3.1 

N/A 

NOTE  :  1.  Mean  Particle  size  :  Estimate  of  average  "particle"  or  nodule  size  from  electron  micrographs. 

2.  Surface  Area  :  Measured  by  nitrogen  adsorption,  BET  method. 

3.  DBP  Absorption  :  Measure  of  void  volume  of  bulk  carbon  black  using 
dibutylphthalate  as  absorbate. 


Table  4.7         Analytical  Specifications  for  REGAL  300R  Carbon  Black  (After  CABOT 
Industries,  1994) 


Property 

Test  Method 

Specification 

Density  (lb/ft3) 

ASTMD1513 

12.5  ±3.0 

Ash  (%) 

ASTMD1506 

1.0  max 

Iodine  Index  (mg/g) 

ASTMD1510 

76  ±5 

Dibutyl  Phthalate  Absortion 
(cc/lOOg) 

ASTMD2414 

85  ±5 

Tint  Strength  (%  ITRB) 

ASTMD3265 

113+3.0 
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CHAPTER  5 
EXPERIMENTAL  WORK 

5.1  Plan  of  Test 

Two  types  of  asphalt,  AC-10  and  AC-20,  Indiana  #9  binder  aggregate  (limestone) 
and  two  carbon  black  modifiers  (pyrolized  carbon  black  and  commercial  carbon  black) 
were  employed  to  evaluate  the  characteristics  and  performance  of  carbon  black  modified 
asphalt  concrete  mixtures.  Table  5.1  shows  the  test  matrix.  As  can  be  seen  in  Table  5.1,  a 
total  of  1 8  sets  of  mixtures  were  prepared.  All  specimens  were  produced  according  to 
ASTM  standards  and  MS-2  requirements. 

The  optimum  binder  content  for  each  cell  was  determined  using  the  Marshall 
Method.  The  effect  of  inclusion  of  pyrolized  carbon  black  and  carbon  black  was  evaluated 
and  compared  in  terms  of  air-voids,  VMA,  VFA,  stability  and  flow  for  the  initial  stage. 
The  optimum  binder  contents  determined  were  used  in  the  preparation  of  specimens  for 
the  subsequent  tests.  The  Gyratory  Testing  Machine  (GTM)  and  Material  Testing  Systems 
(MTS)  were  used  to  determine  and  to  compare  the  characteristics  and  the  performance  of 
each  mixture.  Figure  5.1  shows  the  schematic  flow  chart  of  the  test  plan  . 
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Gradation  and  Batch 


Marshall  Test  Method 

•  Determination  of  Optimum  Binder  Content 

•  Mechanical  Properties  of  PCB  Asphalt 
-  Air  Voids/VMAATA/Stability/Flow 


Gyratory  Testing  Machine 

•  Stress-Strain  Relationship 

•  Plastic  Deformation 

•  GCI/GSI/GSF/Sg 


Creep  Test  (50°C) 

•  Rutting  Resistance 
Resilient  Modulus 
Test(5°C,25°C) 

•  Strength 


Indirect  Tensile 

Test  (5°C) 

•  Cracking  Potential 


Hamburg  Wheel  Tracking 
Device  (50°C  Water) 
•  Stripping  Potential 


Evaluation  of  PCB  and  CB  Asphalt  Concrete 


Figure  5.1  Schematic  Flow  Chart  of  Test  Plan 
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Table  5.1  Matrix  of  the  Test  Plan. 


Indiana  #9  Binder  Aggregate  (Limestone) 


Additives 


Pyrolized  Carbon  Black  Content  (%) 


Carbon  Black  Content  (%) 


The  stress  strain  relationship  and  the  plastic  deformation  of  the  mixtures  were 
obtained  from  the  Gyratory  Testing  Machine.  Specimens  for  the  Gyratory  Testing  Machine 
were  based  on  the  optimum  binder  content  determined  by  the  Marshall  Method.  The 
Gyratory  Compactibility  Index  (GCI),  Gyratory  Shear  Index  (GSI),  Gyratory  Shear  Factor 
(GSF),  Gyratory  Shear  (Sg),  and  Gyratory  Compression  Modulus  (Eg)  were  determined 
and  compared. 

For  creep,  resilient  modulus  and  indirect  tensile  testing,  Marshall  compacted 
specimens  at  an  air  void  content  of  6%  were  used.  Creep  testing  and  resilient  modulus 
testing  were  carried  out  with  a  Material  Testing  System  (MTS)  model  810  with 
environmental  chamber.  For  stripping  testing,  the  Hamburg  wheel  tracking  device  was 
used. 


5.2  Preparation  of  Binder 
Heated  pyrolized  carbon  black  and  carbon  black  were  blended  separately  with 
heated  asphalt  cement.  The  content  of  pyrolized  carbon  black  and  carbon  black  is  based  on 
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the  weight  of  asphalt.  Mixes  of  5%,  10%,  15%,  and  20%  of  pyrolized  carbon  black  and 
carbon  black  were  adopted  for  the  study  because  a  previous  carbon  black  modified  asphalt 
concrete  study  (Yao  and  Monismith,  1986)  showed  that  carbon  black  contents  between 
10%  and  15%  have  resulted  in  enhanced  rutting  resistance  and  less  cracking,  and  also 
because  it  was  difficult  to  blend  pyrolized  carbon  black  and  carbon  black  with  asphalt 
cement  when  admixtures  were  greater  than  20%. 

The  following  procedures,  recommended  by  Khaedywi  (1988),  were  used  and 
modified  for  the  preparation  of  pyrolized  carbon  black  and  carbon  black  binders. 

1)  Pyrolized  carbon  black  and  carbon  black  were  heated  separately  in  stainless  steel  bowls 
to  a  temperature  between  290°F  and  300°F  (145°C  and  150°C) 

2)  Measured  amounts  of  pyrolized  carbon  black  and  carbon  black  were  blended  with  the 
heated  asphalt  to  yield  nominal  concentrations  of  5%,  10%,  15%  and  20%  by  weight  of 
asphalt.  A  hot  plate  was  used  for  blending  operations  to  maintain  temperature  and  to 
disperse  pyrolized  carbon  black  and  carbon  black  properly. 


3)  A  mechanical  hand  mixer  was  used  to  mix  pyrolized  carbon  black  and  carbon  black 
binder  with  the  heated  asphalt. 

4)  Mixing  of  pyrolized  carbon  black  and  carbon  black  was  continued  until  the  modified 
binder  showed  a  uniform  mix  condition. 
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5)  After  the  mixing  was  completed,  the  modified  binder  was  kept  in  an  oven  at  290°F  and 
300°F  (145°C  and  150°C)  to  remove  air  entrained  during  the  mixing  process.  A  2  or  3 
minute  period  was  required. 

6)  The  prepared  binder  was  mixed  with  the  hot  aggregate  to  make  test  specimens  at  275°F 
(135°C). 

Significant  segregation  of  pyrolized  carbon  black  and  carbon  black  were  observed 
during  testing.  Pyrolized  carbon  black  was  observed  to  settle  more  rapidly  than  carbon 
black,  which  is  attributed  to  the  difference  in  specific  gravities  between  the  two  materials. 
According  to  the  statistic  analysis  of  specific  gravity  of  mixtures,  the  specific  gravity  of 
pyrolized  carbon  black  is  1.486  and  carbon  black  is  1.945.  In  order  to  manufacture  an 
homogeneous  binder,  the  modified  binder  was  remixed  before  the  binder  was  added  to  the 
aggregate.  A  hot  spatula  was  used  to  add  the  binder  to  the  aggregate;  the  binder  was 
agitated  vigorously  to  disperse  properly  and  to  ensure  a  homogeneous  mixture. 

5.3  Marshall  Test  Method 

5.3.1  Background  and  Equipment 

Since  its  development  in  1940's  the  Marshall  Method  has  increasingly  been 

accepted  by  the  highway  agencies  throughout  the  world  to  design  and  control  bituminous 

paving  mixtures  (Kandhal  and  Koehler,  1986).  In  spite  of  its  shortcomings,  at  the  present 

time  about  80%  of  the  state  highway  agencies  use  this  method  because  of  its  simple 
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operation  and  economical  equipment.  Figure  5.2  shows  the  states  which  currently  use  the 
Marshall  Test  Method  as  design  criteria. 

The  asphalt  compactor  used  for  the  Marshall  Test  Method  was  the  SoilTest  Model 
AP-8S0.  This  compactor  has  a  separate  counter  unit  to  minimize  the  impact  from  the 
hammering.  The  manufacturer  states  that  the  compactor  simulates  hand  compaction  while 
maintaining  repeatability  in  compaction  results.  The  trip  mechanism  is  designed  so  that  the 
hammer  falls  the  same  distance  for  every  stroke,  and  a  dead  weight  arrangement  on  top  of 
the  hammer  assembly  eliminates  rebound  effects.  For  stability  and  flow  tests  ASTM  D 
1559,  SoilTest  Marshall  Stability  Tester  Model  AP-170C,  and  ELE  model  L6512 
LINSEIS  chart  recorder  were  employed.  The  strain  rate  applied  to  the  specimen  in  the 
Marshall  stability  tester  was  set  at  2  inch  (50.8  mm)/min.  according  to  ASTM  D1559  and 
all  test  procedures  followed  ASTM  D  1559  and  MS-2. 


Figure  5.2  States  which  use  the  Marshall  Test  Method  (After  Kandhal  and  Koehler,  1986) 
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5.3.2  Mix  preparation 

The  mix  preparation  of  Marshall  specimens  is  that  of  ASTM  D1559.  Asphalt  was 
heated  in  a  5  gallon  can  with  lid,  and  the  heated  asphalt  was  transferred  to  5  quart  cans  for 
testing.  The  S  quart  can  was  heated  as  needed. 

The  asphalt  was  heated  between  290°F  and  300°F  (145°C  and  150°C)  for 
approximately  1  hour  to  help  mixing  with  aggregate,  which  in  turn  would  provide  a  good 
coating  and  ensure  an  homogeneous  mixture.  This  is  the  temperature  used  in  simulated 
plant  mixing.  The  Hobart  mechanical  mixer  was  used  at  the  low  speed  setting. 
The  entire  mixing  time  ranged  between  5  and  8  minutes.  Lesser  binder  contents  (such  as 
3.5%  and  4  %)  required  more  mixing  time  than  the  others. 

The  mass  of  1200  grams  of  aggregate  for  one  batch  was  stored  in  a  plastic  bag 
prior  to  the  test.  The  aggregate  in  the  plastic  bag  was  poured  into  the  stainless  steel  bowl 
and  heated  between  3  hours  and  5  hours  to  remove  the  moisture  in  the  aggregate.  Three 
samples  were  prepared  for  each  mixture.  In  order  to  have  a  consistent  specimen,  the 
minimum  of  the  mass  of  aggregate  after  heating  was  limited  to  1197.4  grams.  The 
aggregate  used  for  this  study  had  very  little  absorption;  therefore,  compaction  was  carried 
out  immediately  after  the  mixing  was  completed. 

5.3.3  Compaction 

The  mix  design  method  for  the  Asphalt  Institute  (MS-2)  specifies  three  levels  of 
compaction  work.  These  levels  of  compaction  were  applied  in  accordance  with  the  Indiana 
Department  of  Transportation  (INDOT).  Specifications  and  other  procedures  followed 
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were  ASTM  D1559  and  MS-2.  However,  INDOT  specifies  only  one  level  of  compaction, 
i.e.,  75  blows  per  side.  The  compaction  temperature  was  230°F  (1 10°C). 

The  compacted  samples  were  cooled  at  room  temperature  for  12  to  15  hours.  The 
cooled  samples  were  extruded  from  the  molds  and  the  subsequent  tests  were  performed; 
bulk  specific  gravity  (ASTM  D2726),  Marshall  stability  (MS-2),  Marshall  flow  (ASTM 
D2041),  and  maximum  theoretical  specific  gravity  (ASTM  D2041). 

5.4  Gyratory  Testing  Machine 
5.4.1  Background  and  Equipment 

The  gyratory  testing  machine  has  been  accepted  as  an  effective  and  practical  tool 
in  the  evaluation  of  characteristics  and  performances  of  bituminous  mixtures.  The 
Strategic  Highway  Research  Program  (SHRP)  selected  the  SHRP  gyratory  testing 
machine  as  a  standard  laboratory  compaction  device,  because  it  is  proven  from  many  test 
results  that  this  machine  simulates  field  compaction  reasonably  well.  The  vertical  pressure, 
gyration  angle  and  number  of  gyrations  can  be  controlled  to  simulate  field  compaction 
equipment  and  subsequent  traffic. 

Figure  5.3  shows  a  schematic  of  the  U.S.  Army  Corps  of  Engineers  gyratory 
testing  machine,  which  was  used  in  this  study.  The  gyratory  testing  machine  produces  test 
specimens  by  a  kneading  compaction  process.  This  is  more  realistic  than  an  impact  type 
compaction.  Therefore,  the  test  results  of  the  gyratory  testing  machine  provide  realistic 
stress  strain  properties  for  mixtures. 


39 


.  ■  oevt 


NUMBER  OF  REVOLUTIONS 


MOLD 
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L  AIR  INTAKE  VALVE 


Figure  5.3  Schematic  of  U.S.  Army  Gyratory  Testing  Machine  (After  U.S.  Army  Corps  of 
Engineers,  1962) 
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The  gyratory  testing  machine  was  developed  in  1962  by  the  U.S.  Army  Corps  of 
Engineers.  It  has  found  application  in  the  design  and  evaluation  of  asphaltic  mixtures.  This 
machine  also  has  been  used  with  soil  to  evaluate  the  properties  of  compacted  soils. 

Two  kinds  of  gyratory  testing  machines  have  recently  become  available.  One  is  the 
U.S.  Army  Corps  of  Engineers  gyratory  testing  machine  and  the  other  is  the  SHRP 
(Strategic  Highway  Research  Program)  gyratory  testing  machine.  The  basic  idea  and  the 
operation  of  the  machines  are  essentially  identical.  The  only  difference  is  that  the  SHRP 
gyratory  machine  has  a  fixed  plate,  whereas  the  U.S.  Army  Corps  of  Engineers  gyratory 
testing  machine  is  freely  rotated.  While  the  SHRP  gyratory  machine  is  used  for  the 
compaction  of  the  specimen,  the  U.S.  Army  gyratory  machine  has  been  used  for  both 
testing  and  compaction  of  the  specimen.  Figure  5.4  illustrates  the  gyratory  testing  machine 
instrumentation  block  diagram. 

Referring  to  the  manual  from  the  Engineering  Developments  Company  Inc.(1993), 
mold  A  containing  a  test  specimen  is  clamped  in  position  in  the  flanged  mold  chuck  B. 
Vertical  pressure  on  the  test  specimen  is  maintained  by  upper  ram  E  and  lower  ram  F 
acting  against  heads  G  and  H,  respectively.  Head  G  acts  against  a  roller  bearing  and  is 
therefore  free  to  slip  while  head  H  is  fixed.  Since  the  mold  is  securely  held  by  the  chuck,  a 
gyratory  motion  (shear  strain)  is  imparted  to  mold  chuck  B  by  rollers  C  and  D  as  they 
travel  around  the  flanged  portion  of  the  chuck.  These  bearing  surfaces  are  lubricated 
surfaces.  Roller  C  is  adjustable  in  elevation  to  permit  setting  any  desired  gyratory  angle 
(shear  strain),  but  is  maintained  at  a  fixed  elevation  during  the  operation  of  the  machine. 
Roller  D  maintains  an  essentially  fixed  elevation  when  using  the  oil-filled  cell,  but  may 
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Figure  5.4  Gyratory  Testing  Machine  Instrumentation  Block  Diagram  (After  U.S.  Army 
Corps  of  Engineers,  1962) 
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vary  slightly  in  elevation  when  using  the  air-filled  cell.  The  oil-filled  roller  was  used  for 
this  study.  Upper  rollers  D,  containing  the  pressure  cell,  emit  signals  that  are  transmitted 
by  telemetry  and  digitized  by  the  tall  panel  meter  N. 

The  gyratory  motion  (shear  strain)  is  sensed  by  angular  transducer  I,  and  recorded 
by  recorder  E.  This  recording  of  shear  strain  is  called  as  a  Gyrograph.  Sample  gyrographs 
are  shown  in  Figure  5. 5. 

The  U.S.  Army  Corps  of  Engineers  8A/6B/4C  model  was  employed  for  the  study. 
This  gyratory  testing  machine  is  able  to  accommodate  three  different  sizes  of  diameters  of 
specimens  (  8  inches,  6  inches,  4  inches).  The  model  number  represents  a  diameter  of 
specimen  size. 


300  ps/  :  *  ; 


GYROGRAPHS 


200  ps/  :  g| 
S3 


w 


32s 


SEE 


BITUMEN   CONTENT  IN   PER  CENT 


Figure  5.5  Examples  of  Gyrograph 
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5.4.2  Mix  Preparation 

Mix  preparation  for  the  gyratory  compaction  specimens  followed  the  same 
procedures  as  for  the  Marshall  tests.  Other  procedures  were  carried  out  in  accordance 
with  ASTM  D3387  and  the  manual  provided  by  the  Engineering  Developments  Company 
Inc.  (1993).  The  masses  of  1200  grams  of  aggregate  and  optimum  binder  content  were 
used  to  ensure  the  size  of  specimen  for  4  inch  (101.6  mm)  diameter  and  approximately  2.5 
inch  (63.5  mm)  height.  The  gyratory  testing  machine  was  turned  on  2  hours  before  the 
compaction  started.  The  chuck  temperature  was  kept  at  140°F±5.  Samples  were  prepared 
for  each  optimum  mix  according  to  the  recommendation  of  McRae  (1993). 

5.4.3  Compaction 

It  is  well  known  that  the  gyratory  testing  machine  provides  strains  reasonably 
similar  to  the  plastic  ones  produced  by  traffic  loads.  The  variation  of  the  plastic  behavior 
by  traffic  loads  can  be  monitored  by  the  different  revolutions,  i.e.,  gyratory  compaction. 
The  SHRP  recommendation  is  230  revolutions  (SHRP,  1994). 

A  4  inch  (101.6  mm)  diameter  mold  was  used  for  the  preparation  of  each 
specimen.  A  1.25°  angle  of  gyration  and  a  120  psi  (827.4  Kpa)  normal  pressure  were 
selected  to  produce  the  specimens.  Although  1°  is  most  commonly  used,  the  angle  of 
1.25°  was  chosen  to  simulate  the  worse  condition.  The  normal  pressure  (ram  pressure) 
corresponds  to  the  maximum  anticipated  tire  contact  pressure,  since  the  theoretical  stress 
for  compaction  and  maximum  induced  shear  is  based  on  the  concept  of  simulating  the  field 
conditions  for  the  test.  (Zhang  et  al.,  1994). 
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A  value  of  250  revolutions  was  selected  for  the  ultimate  compaction  efforts 
because,  as  mentioned  earlier,  SHRP  (1994)  recommend  230  revolution  as  the  ultimate 
traffic  densifi cation.  According  to  McRae's  (1993)  recommendation,  if  the  variation  of 
densifi cation  of  the  specimen  is  not  greater  than  1  pcf  after  an  additional  100  revolutions, 
compaction  is  completed.  This  condition  was  achieved  between  200  revolutions  and  250 
revolutions  for  most  samples. 

The  variation  of  roller  pressure  and  height  of  sample  were  monitored  and  recorded 
at  every  50  revolutions  to  check  the  effects  of  subsequent  loads  and  inclusion  of  different 
ratios  of  pyrolized  carbon  black  and  carbon  black.  The  roller  pressure  and  the  height  of 
sample  were  measured  at  four  roller  positions  separated  in  positions  by  approximately  90°. 
The  height  of  sample,  gyratory  angle,  and  applied  pressure  were  recorded  by  the 
gyrograph.  After  the  compaction  was  completed,  the  sample  was  extruded  from  the  mold. 
The  compacted  samples  cooled  in  the  laboratory  temperature  (67°F  to  72°F)  for  12  hours 
prior  to  the  bulk  specific  gravity  test.  The  bulk  specific  gravity  tests  were  performed  in 
accordance  with  ASTM  D  2727  to  verify  the  existence  of  6  %  air  voids  in  the  compacted 
sample. 

5.5  Dynamic  Confined  Creep  Test 

5.5.1  Background  and  Equipment 

Present  asphalt  design  methods  lack  accuracy  in  determining  the  full  effects  of 

variation  in  environmental  and  loading  condition  and  of  pavement  performance.  Significant 

progress  in  hot  mix  design  allows  for  test  results  to  be  analyzed  quantitatively  as  well  as 
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qualitatively.  Qualitatively,  the  creep  modulus  at  the  specific  temperature  is  used  to 
evaluate  the  relative  improvement  between  mixes  (Wahhab  and  Khan,  1991). 

Creep  is  defined  as  the  continuous  time  dependent  deformation  under  constant 
stress  or  load.  Creep  test  data  characterize  the  permanent  deformation  properties  (rutting) 
of  asphalt  mixtures.  The  dynamic  confined  creep  test  has  been  developed  to  predict 
permanent  deformation  in  asphalt  concrete  mixtures  more  reasonably  in  the  laboratory 
(Gablielson,  1992).  Creep  compliance  and  mix  stifihess  are  good  parameters  for  relative 
mix  stability  and  the  expected  rut  depth  or  permanent  deformation  (Finn  et  al.,  1983). 

Tests  were  carried  out  on  a  Materials  Testing  System  (MTS),  with  feed  back 
control  hydraulic  tester  and  with  a  temperature  controlled  environmental  chamber.  As  the 
loading  and  measuring  device,  a  MTS  model  810  was  employed.  Data  were  collected  and 
analyzed  by  Automated  Testing  System  (ATS)  software.  Figure  5.6  shows  the  schematic 
of  the  Materials  Testing  System. 

The  front  panel  of  the  MTS  is  composed  of  four  different  panels;  the  oscilloscope, 
the  temperature  controller,  the  analog  chassis,  and  the  hydraulic  control,  as  can  be  seen  in 
Figure  5.6.  The  oscilloscope,  Tektronix  2225,  50  MHz,  provides  a  visual  check  that  the 
appropriate  test  frequency  is  applied  throughout  the  test. 

The  temperature  controller  described  in  the  MTS  manual  (1994)  is  the 
microprocess  based  MTS  409.80,  and  is  used  for  controlling  the  environmental  chamber. 
The  control  module  for  the  temperature  controller  receives  a  thermocouple  input,  and 
processes  the  heating  or  cooling  so  that  the  environmental  chamber  supplies  the  necessary 
temperature   for  testing.    A  block   diagram   of  the  temperature   controller   and   the 
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environmental  chamber  are  shown  in  Figure  5.7.  Figure  5.8  shows  a  497.01  analog  chassis 
with  the  497  modules  installed.  The  chassis  contains  16  user  slots  and  two  dedicated  bud 
board  slots.  The  module  provides  interlock  control,  communication,  transducer 
conditioning,  and  valve  drive.  The  interlock  controller  allows  test  stations  to  have 
independent  interlock  and  hydraulic  status  signals.  The  microprocessor  based 
communication  module  provides  data  conversion  between  the  system  host  and  module 
residing  on  the  497  parallel  bus.  The  function  provided  by  the  transducer  conditioning  are 
transducer  excitation  and  output  signal  amplification.  Both  low  and  high  level  transducers 
can  be  used  by  the  installation  of  AC/DC  conditioners.  Valve  drivers  provide  drive  current 
for  servovalves  according  to  command  inputs  received  for  each  channel.  Critical 
parameters  are  programmed  through  the  497  chassis  bus. 

The  497.05  hydraulic  control  panel  is  used  to  control  hydraulic  power  supply.  The 
functions  provided  by  the  hydraulic  control  panel  are;  1)  control  of  up  to  four  independent 
hydraulic  service  manifolds;  2)  hydraulic  power  supply  control;  3)  interlock  shutdown  and 
latched  indicators  to  show  interlock  status;  4)  programmable  interlock  station  assignment; 
5)  electrical  power  outputs  to  the  hydraulic  service  manifolds  and  a  497.01  analog  chassis. 
The  hydraulic  control  panel  functions  are  controlled  by  its  front  panel  controls  or  by  the 
host  computer. 
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Figure  5.6  Schematic  of  the  Material  Test  System 
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Figure  5.7  Block  Diagram  of  the  Temperature  Controller  and  Environmental  Chamber 
(After  MTS  Manual,  1994) 
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Figure  5.8  497.01  Analog  Chassis  with  the  497  Modules  Installed 
(After  MTS  Manual,  1 994) 
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5.5.2  Concept  of  the  Creep  Deformation  in  Asphalt  Concrete 
Asphalt  concrete  is  subjected  to  creep  deformation  by  the  repeated  loads  (Brown 
and  Foo,  1994).  Perl  et  al  (1983)  suggested  that ,  the  total  strain  (a)  of  asphalt  concrete 
consists  of  four  components;  elastic  strain,'  plastic  strain,  viscoelastic  strain  and 
viscoplastic  strain.  Elastic  and  plastic  strain  are  time  independent,  viscoelastic  and 
viscoplastic  strain  are  time  dependent.  While  elastic  and  viscoelastic  strain  are  recoverable, 
plastic  and  viscoplastic  strain  are  irrecoverable.  Therefore,  the  total  strain  a  can  be 
expressed  as  four  components; 

£X  =  Ee    +  £p    +  Bve  +  Svp 

where,  se  =  Elastic  Strain  (Recoverable  and  Time-independent) 
Ep  =  Plastic  Strain  (Irrecoverable  and  Time-independent) 
eve  =  Viscoelastic  Strain  (Recoverable  and  Time-dependent) 
svp  =  Viscoplastic  Strain  (Irrecoverable  and  Time-dependent) 

Figure  5.9  shows  the  creep  behavior  of  asphalt  concrete.  The  quantity  (tl)  is 
referred  to  as  the  loading  duration  and  (12  -  //;  is  referred  to  the  rebounding  duration. 
When  the  load  is  applied  at  /  =  to,  a  strain  eo  is  generated  immediately.  This  strain  consists 
of  the  elastic  and  plastic  components  as  shown  in  Figure  5.9.  During  the  loading  duration 
(to  <  t  <  tl),  the  strains  containing  viscoelastic  and  viscoplastic  occur.  If  the  load  is 
removed  (/  =  tl),  the  elastic  strain  is  recovered  instantaneously.  In  the  rebound  period  (tl  <, 
t  <  t2),  the  viscoelastic  strain  is  recovered.  It  can  be  noted  from  Figure  5.9  that  at  the  end 
of  the  rebound  period,  the  permanent  creep  strain  consists  of  the  irrecoverable  plastic  and 
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viscoelastic  strain.  The  permanent  creep  strain  and  applied  stress  are  used  to  calculate  the 
mix  stiffness  (stiffness  of  the  mixtures,  Smix)  as  a  function  of  loading  times  (seconds).  In 
order  to  determine  viscoelastic  characteristics  of  mixtures,  creep  compliance  can  be 
estimated  by  using  the  permanent  creep  strain  and  applied  stress.  The  creep  compliance  is 
the  inverse  of  the  mix  stiffness. 
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Figure  5.9  The  Creep  Behavior  of  Asphalt  Concrete  (After  Perl  et  al,  1983,  Brown  and 
Foo,  1994) 
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5.5.3  Preparation  of  Specimens 

The  specimens  were  reproduced  with  the  optimum  binder  contents  determined 
from  the  Marshall  method.  The  4  inch  diameter  Marshall  specimens  were  compacted  with 
75  blows  per  face.  Bulk  specific  gravity  was  measured  to  check  that  the  air  void  was 
approximately  6  percent.  The  deviation  of  air  voids  was  limited  to  ±1  %.  Table  5.2  shows 
the  condition  of  each  specimen  prepared  for  test. 

5.5.4  Testing  protocol 

Various  creep  test  methods  have  been  used  because  a  test  procedure  has  not  yet 
been  standardized.  Static  Unconfined  Creep  Test,  Static  Confined  Creep  Test,  Incremental 
Loading  Creep  Test,  Dynamic  Unconfined  Creep  Test,  and  Dynamic  Confined  Creep  Test 
have  been  used  by  researchers.  Gablielson  (1992)  has  performed  an  extensive  study  on 
various  creep  tests  and  recommended  the  Dynamic  Confined  Creep  Test.  The  Dynamic 
Confined  Creep  Test  simulates  the  field  condition  resonablely  well.  The  test  procedure  and 
method  were  followed  in  accordance  with  his  recommendations.  However,  modifications 
to  the  test  were  made  as  needed  for  the  testing  in  this  study. 

The  specimens  were  conditioned  at  temperature  122°F  (50°C)  in  an  oven  for  2.5 
hours.  The  heated  specimen  was  placed  in  the  triaxial  chamber  with  dense  paper  on  both 
ends  to  reduce  the  friction  between  the  specimen  and  the  loading  cell.  Next,  the  specimen 
was  wrapped  by  the  rubber  membrane  to  ensure  that  the  specimen  was  subjected  to  the 
constant  confinement  pressure.  The  triaxial  stress  conditions  were  applied  to  the  specimen. 
A  20  psi  confinement  stress  was  applied  in  the  environmental  chamber  for  30  minutes,  120 
psi  axial  stress  was  used.  After  10  seconds,  the  deviatoric  stress  of  100  psi  was  applied  for 
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3600  cycles,  including  a  15  minute  rebound  period.  The  time  of  a  repeated  loading  cycle 
was  1.0  second,  which  consisted  of  0.1  second  loading  and  0.9  second  unloading  duration. 
The  summary  of  the  test  protocol  is  as  follows: 

Type  of  Creep  Test :  Dynamic  Confined  Creep  (Repeated  Confined  Loading) 

SAMPLE:  2"  radius  x  h"  height  (approx  2.5") 

TEST  ENVIRONMENT: 

20  psi  confining  pressure 
122°F(50°C)  test  temperature 
Rubber  membrane 


SAMPLE  SET-UP: 

TEST  PROTOCOL: 

Set-up: 


Condition  at  test  temperature  in  oven  for  2.5  hr. 

Place  sample  in  frame  with  smooth,  dense  paper  on  ends  (or  two  layers  of 

plastic  with  grease) 


•  Apply  confining  pressure  (20  psi) 

•  Surround  with  environmental  chamber 

•  Hold  for  30  minutes 

Test  (Automatic  through  ATS): 

•  Apply  1.5  psi  (0.084  kN)  resistance  load 

•  Apply  30  cycles  at  10  psi  (0.559  kN)  axial  (0. 1  sec  load  +  0.9  sec  unload) 

•  10  seconds  rest  at  1.5  psi  (0.084  kN)  resistance  load 

•  [Record  on]  Apply  3600  cycles  at  120  psi  (6.710  kN)  axial  (0.1  sec  load  +  0.9 
sec  unload) 

•  Rest  15  minutes  at  1.5  psi  (0.084  kN)  resistance  load  [Record  off] 
End  Test 
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RECORDING  SCHEDULE: 

Data:     Axial  Strain 
Collection  Schedule: 


Cycles 

Frequency 

0-30 

0.5  sec  (61) 

40-300 

23.0  sec  (14) 

350-3600 

50.0  sec  (66) 

3601-3630 

1.0  sec  (30) 

3635-3670 

5.0  sec  (8) 

3680  -  3900 

23.0  sec  (12) 

3950-4500 

50.0  sec  (12) 

Table  5.2  The  condition  of  Specimens  for  Creep  Testing 


Sample  I.D 

Bulk  S.G 

Max.  Theoretical 
S.G. 

Air- Voids  (%) 

Height  of 
Specimens(in.) 

AC10 

2.429 

2.576 

5.7 

2.555 

AC10+5%CB 

2.442 

2.576 

5.2 

2.577 

AC10+10%CB 

2.436 

2.576 

5.4 

2.566 

AC10+15%CB 

2.442 

2.580 

5.3 

2.564 

AC10+20%CB 

2.447 

2.578 

5.1 

2.603 

AC10+5%PCB 

2.430 

2.573 

5.6 

2.576 

AC10+10%PCB 

2.435 

2.574 

5.4 

2.598 

AC10+15%PCB 

2.444 

2.568 

5.2 

2.557 

AC10+20%PCB 

2.413 

2.563 

5.9 

2.611 

AC20 

2.414 

2.590 

6.8 

2.539 

AC20+5%CB 

2.426 

2.573 

5.7 

2.538 

AC20+10%CB 

2.435 

2.571 

5.3 

2.565 

AC20+15%CB 

2.440 

2.568 

5.0 

2.565 

AC20+20%CB 

2.423 

2.562 

5.4 

2.560 

AC20+5%PCB 

2.412 

2.573 

6.3 

2.559 

AC20+10%PCB 

2.408 

2.575 

6.5 

2.567 

AC20+15%PCB 

2.440 

2.564 

5.2 

2.564 

AC20+20%PCB 

2.421 

2.558 

5.4 

2.612 
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5.6  Resilient  Modulus  Test 
5.6. 1  Background  and  Equipment 

The  resilient  modulus  provides  the  stiffness  of  the  mixtures,  since  it  has  been  found 
that  the  resilient  modulus  at  low  temperatures  is  somewhat  related  to  the  cracking 
potential  of  pavement.  The  stiffer  mixtures  at  low  temperatures  tend  to  crack  earlier  than 
the  more  flexible  mixtures  (Robert  et  al.,  1991).  The  resilient  modulus  was  used  to 
determine  the  strength  of  the  mixtures  at  two  different  temperature  in  this  study. 

The  same  equipment  which  was  used  in  the  creep  test  was  used  for  the  resilient 
modulus  test.  A  closed  loop,  servo-hydraulically  controlled  loading  system  was  used  for 
the  test.  The  MTS  model  643.01A,  resilient  modulus  fixture,  was  employed  to  determine 
the  modulus.  Figure  5.10  illustrates  an  example  of  the  installation  of  a  specimen  for  a 
resilient  modulus  test.  The  horizontal  extensometer  measures  the  horizontal  deformation 
of  the  specimen  and  the  vertical  extensometer  measures  the  vertical  deformation.  The 
deformations  were  used  in  estimating  the  resilient  modulus  of  the  mixture. 

5.6.2  Preparation  of  Specimens 

After  the  completion  of  the  creep  test,  the  same  specimens  (4  inch  diameter  and 
2.5  inch  high)  were  conditioned  at  temperatures  of  41°F  (5°C)  and  77°F  (25°C)  for  24 
hours  prior  to  the  test.  The  conditioned  specimens  were  placed  inside  an  environmental 
chamber  at  testing  temperature  to  perform  the  test. 

5.6.3  Testing  Procedures 

The  resilient  modulus  tests  were  carried  out  on  diametrical  specimens,  in  the 
indirect  tension  mode  at  41°F  (5°C)  and  77°F  (25°C).  The  applied  loading  magnitudes 
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were  determined  within  10  to  30  percent  of  the  indirect  tensile  strength  of  the  specimens 
prior  to  testing.  The  one  second  of  repeated  loading  cycle,  which  consisted  of  0.1  second 
loading  and  0.9  second  unloading  duration  was  applied  along  the  vertical  diameter  of  the 
test  specimen  for  200  seconds.  The  corresponding  deformation  was  measured  across  the 
horizontal  diameter.  The  testing  procedures  were  followed  in  accordance  with  ASTM 
D4123. 
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Figure  5.10  Installation  of  Specimen  for  Resilient  Modulus  Testing 
(After  MTS  Manual,  1994) 
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5.7  Hamburg  Wheel  Tracking  Device 
5.7.1  Background  and  Equipment 

Hamburg  Wheel  Tracking  was  introduced  to  the  United  States  in  1990  after  the 
representatives  of  the  American  Association  of  State  Highway  and  Transportation 
Officials  (AASHTO),  Federal  Highway  Administration  (FHWA),  National  Asphalt 
Pavement  Association  (NAPA),  Strategic  Highway  Research  Program  (SHRP),  Asphalt 
Institute  (AI)  and  Transportation  Research  Board  (TRB)  made  a  two  week  research  tour 
of  six  European  countries.  (Aschenbrener,  1993). 

It  is  reported  that  the  Hamburg  Wheel  Tracking  Device  has  been  used  in  the 
Hamburg,  Germany  vicinity  since  1974.  This  device  was  used  as  a  research  tool  for  binder 
course  mixture.  In  1984,  the  Hamburg  Road  Authority  began  to  use  wheel  tracking  tests 
as  a  specification  tool  (Elf  Industries,  1992).  This  device  was  developed  to  measure 
moisture  damage  and  resistance  to  permanent  deformation  due  to  a  high  volume  of  truck 
traffic  near  the  city  of  Hamburg  shipping  dock  area.  (Habermann,  1994).  After  the 
European  pavement  study  tour,  the  Colorado  Department  of  Transportation  (CDOT)  and 
the  FHWA  Turner-Fairbank  Highway  Research  Center  demonstrated  the  Hamburg  Wheel 
Tracking  Device  in  the  United  States  (Aschenbrener,  1993).  The  Hamburg  Wheel 
Tracking  Device  used  in  this  study  was  purchased  in  May,  1990  from  Helmut  Wind  Inc.  of 
Hamburg,  Germany  by  Koch  Materials,  Terre  Haute,  Indiana. 

As  discussed  above,  the  Hamburg  wheel  tracking  device  can  be  used  to  measure 
permanent  deformation  and  stripping  potential.  The  Hamburg  wheel  tracking  device  has 
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been  recently  used  in  the  United  State  as  a  potential  stripping  test  (Aschenbrener,  1993). 
Figure  5.11  show  a  schematic  diagram  of  the  Hamburg  wheel  tracking  device. 
5.7.2  Preparation  and  compaction  of  sample  slabs 

The  same  mix  preparation  procedures  performed  in  the  Marshall  method  were 
used  for  mix  preparation  in  the  Hamburg  wheel  tracking  device.  The  difference  is  that 
large  amounts  of  materials  were  used.  A  total  of  8600  grams  of  aggregate  was  needed  for 
one  sample  slab.  Duplicate  slabs  were  prepared  for  each  mixture. 

Based  on  results  from  the  Gyratory  Testing  Machine,  the  selected  mixtures 
prepared  were,  10  %  and  15  %  CB  and  PCB  mixtures,  since  both  10%  and  15  %  mixtures 
showed  better  performance  than  other  percentages  of  mixtures.  Therefore,  10  sets  of 
mixtures,  and  a  total  of  20  sample  slabs  were  tested  with  the  Hamburg  wheel  tracking 
device. 

A  linear  kneading  compactor  was  used  for  the  preparation  of  sample  slabs  at  6 
percent  target  air  voids.  The  kneading  action  provides  the  desired  density  without 
fracturing  aggregates  in  the  mixture.  Consistent  specimens  can  be  produced  by  the 
compactor.  Consider  also  that  the  linear  kneading  compactor  produces  a  linear 
compression  wave  in  the  mix  so  that  it  simulates  roller  operation  occurring  in  the  field. 
The  size  of  sample  slab  is  320  mm  (12.6  in.)  long,  260  mm  (10.2  in.)  wide,  and  40  mm 
(1.6  in.)  deep.  Figure  5.12  shows  the  linear  kneading  compactor  diagram.  The  prepared 
sample  slabs  were  measured  for  bulk  specific  gravity  according  to  ASTM  D2726.  Table 
5.3  shows  the  condition  of  sample  slabs  for  the  Hamburg  wheel  tracking  device. 
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Figure  5.1 1  Hamburg  Wheel  Tracking  Device  (After  Elf  Industries,  1992) 
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Figure  5.12  The  Linear  Kneading  Compactor  Diagram  (After  Elf  Industries,  1992) 
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Table  5.3  The  Condition  of  Sample  Slabs  for  Hamburg  Wheel  Tracking  Device 


Mix  Type 

Bulk  S.G. 

Theoretical 
Max.  S.G. 

Air  Voids  (%) 

Height  of 
Slab(in.) 

AC- 10 

2.455 

2.576 

4.7 

1.503 

AC10+10%CB 

2.455 

2.576 

4.7 

1.504 

AC10+15%CB 

2.455 

2.580 

4.8 

1.504 

AC10+10%PCB 

2.448 

2.568 

4.7 

1.506 

AC10+15%PCB 

2.443 

2.568 

4.9 

1.508 

1           AC-20 

2.442 

2.510 

2.7 

1.507 

AC20+10%CB 

2.441 

2.571 

5.1 

1.503 

AC20+15%CB 

2.432 

2.568 

5.3 

1.503 

AC20+10%PCB 

2.470 

2.575 

4.1 

1.504 

AC20+15%PCB 

2.564 

2.449 

4.5 

1.503 

5.7.3  Testing  Procedures 
The  prepared  sample  slabs  were  completely  immersed  in  water  at  122°F  (50°C)  far 
30  minutes  in  order  to  ensure  thermal  stability.  The  wheels  were  placed  on  the  sample 
slabs  and  started  in  motion.  The  deformation  of  the  mixtures  were  captured  by  an  LVDT, 
and  the  data  acquisition  system  started  to  record  the  test  results.  The  data  recorded  by  the 
acquisition  system  are  ;  1)  the  numbers  of  passes  of  the  wheel;  2)  a)  deformation  of  slab  1 
and  slab  2;  b)  comparison  of  deformation  of  slab  1  and  that  of  slab  2;  3)  average 
deformation;  4)  the  water  temperature  (°C). 
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The  principal  sketch  of  the  Hamburg  wheel  tracking  device  is  illustrated  in  Figure 
5.13.  Following  the  information  provided  by  Koch  Material,  sample  slabs  were  tested 
under  204  mm  (8  in.)  diameter,  47  mm  (1.85  in.)  wide  fiat  steel  wheels.  The  wheel 
reciprocates  sinusoidally  at  a  velocity  of  1.4  cm/sec.  The  wheel  provides  71  kg  (160  lb) 
loads  to  the  sample  slabs  during  the  test.  This  test  protocol  provides  cycles  of 
approximately  0.1  second  loading  and  0.9  second  rest.  The  vertical  deformation  of  sample 
slabs  is  measured  by  an  LVDT  at  the  center  of  the  sample  slabs  to  the  nearest  0.01 
millimeter.  Each  sample  slab  is  subjected  20,000  passes  of  the  wheel  or  until  20  millimeter 
of  deformation  occurs.  The  test  is  ended  when  either  condition  is  achieved. 


Driving  Motion  - 

-  f\ 

f                  \ 

i  - 

- 

V      J 

Figure  5.13  The  Principal  Sketch  for  Hamburg  Wheel  Tracking  Device 
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5.8  Indirect  Tensile  Testing 
5.8.1  Background  and  Equipment 

The  indirect  tensile  test  provides  two  mixture  properties  that  are  useful  in 
characterizing  hot  mixed  asphalt.  The  first  property  is  tensile  strength,  which  is  often  used 
in  evaluating  water  susceptibility  of  mixtures.  The  second  property  determined  is  tensile 
strain  at  failure.  This  is  useful  for  predicting  the  cracking  potential  (Robert  et  al.,  1991). 
The  indirect  tensile  test  was  performed  to  determine  the  tensile  strength  at  low 
temperature  (5°C)  in  this  study.  The  tensile  strength  at  low  temperature  indicates  the 
cracking  potential  of  the  mixture. 

The  810  Material  Testing  System  (MTS)  was  used,  which  is  the  same  equipment 
used  for  creep  testing  and  for  the  resilient  modulus  test.  The  apparatus  for  testing  was 
originally  designed  for  the  resilient  modulus  test  for  asphalt  mixtures  in  accordance  with 
ASTMD4123. 

5.8.2  Preparation  of  Specimens 

After  the  creep  test  and  the  resilient  modulus  test  were  completed,  the  same 
specimens  were  used  for  indirect  tensile  tests.  As  mentioned  previously,  all  specimens 
were  prepared  by  the  Marshall  compactor  with  6  percent  target  air  voids. 

The  diametral  setup  was  employed  because,  according  Kim  et  al.  (1991),  the  test 
procedure  is  relatively  simple;  failure  is  initiated  in  a  region  of  relatively  uniform  tensile 
stress,  and  stress  and  strain  solutions  are  readily  available.  Furthermore,  the  same 
specimens  can  be  used  after  the  creep  test  and  the  resilient  modulus  test.  Figure  5.14 
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shows  the  schematic  of  the  fixture  used  for  this  study.  The  fixture  was  installed  inside  of 
the  environmental  chamber  with  the  temperature  controlled. 

5.8.3  Testing  Protocol 
A  constant  1  second  repeated  loading  cycle  that  contains  haversine  load  with  0.1 
second  loading  period  and  0.9  second  unloading  period  was  applied  to  the  sample  for  50 
seconds  for  the  conditioning  of  the  specimens.  The  compressive  loading  was  applied  to  the 
conditioned  specimens  until  failure  occurred.  The  loading  stroke  rate  of  0.5  in/min  (13 
mm/min  was  used  in  accordance  with  SHRP  recommendation  (SHRP-A-379,  1994).  The 
data  sampling  frequency  of  20  Hz  was  used. 


upper  platen 


\ 


—  pullrod 


loading  strip 


i   I 


— .■'    •  —  alignment  par 


\      IP 

horizontal  extensometer 


lower  platen 


Figure  5.14  Schematic  of  Diametral  Indirect  Tensile  Testing  Setup  (After  MTS  Manual, 
1994) 
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CHAPTER  6 
PRESENTATION  OF  TESTS  RESULTS  AND  DISCUSSION 

6.1  Introduction 
After  the  completion  of  the  laboratory  testing  program,  the  test  data  were  analyzed 
to  evaluate  the  effectiveness  of  the  PCB  in  AC- 10  and  AC-20  mixtures.  Relative 
comparisons  were  made  to  CB  modified  asphalt  concrete  and  to  conventional  asphalt 
concrete.  The  mechanical  properties  of  the  PCB  mixtures  were  evaluated  by  the  Marshall 
method.  The  Marshall  stability  and  flow  were  measured.  The  stress-strain  relationship  of 
the  PCB  mixture  was  obtained  through  the  use  of  the  Gyratory  Testing  Machine.  The 
Dynamic  Confined  Creep  Test  provided  information  on  the  rutting  resistance  of  the  PCB 
mixtures.  The  strength  and  temperature  susceptibility  of  the  PCB  mixtures  were  evaluated 
at  both  low  and  high  temperature  (5°C  and  25°C)  by  the  Resilient  Modulus  Test.  The 
cracking  potential  of  the  PCB  mixtures  was  evaluated  and  analyzed  by  the  test  results  of 
the  Indirect  Tensile  Test.  In  addition,  the  Hamburg  Wheel  Tracking  Device  was  used  to 
evaluate  the  stripping  inflection  point  of  the  PCB  mixtures.  The  test  results  and  discussion 
are  presented  in  the  following  sections. 
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6.2  Marshall  Test  Method 
6.2.1  Test  Results 
The  Marshall  test  results  are  used  to  define  the  characteristics  of  bituminous 
mixtures  in  relation  to  their  binder  content.  Two  parameters  were  determined  from  the 
Marshall  results  in  this  study.  The  optimum  binder  content  was  determined  and  the 
stability  and  flow  were  used  to  provide  a  measure  of  the  strength  of  mixtures.  Compacted 
samples  were  tested  and  the  test  data  compared  as  follows: 

1)  Bulk  Specific  Gravity  vs.  Binder  Content 

2)  Air  Voids(%)  vs.  Binder  Content 

3)  VMA(%)  vs.  Binder  Content 

4)  VFA(%)  vs.  Binder  Content 

5)  Stability  vs.  Binder  Content 

6)  Flow  vs.  Binder  Content 

While  the  Marshall  test  method  of  asphalt  mixtures  is  standardized  (ASTM 
D1559),  the  criteria  of  acceptance  vary  from  state  to  state.  The  INDOT  criteria  were 
adopted  to  determine  the  optimum  binder  content,  as  shown  in  Table  6.1.  These  optimum 
binder  contents  were  compared  to  the  U.S.  Army  criteria(Table  6.2)  and  the  Asphalt 
Institute  criteria(Table  6.3). 

It  is  interesting  to  compare  the  Marshall  criteria  for  each  agency.  The  INDOT 
specifies  only  one  compaction  level,  however,  the  Asphalt  Institute  specifies  three  different 
levels  of  compaction.  The  criterion  of  the  Marshal  stability  and  VMA  varies  for  each 
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agency  also.  The  most  important  criterion  is  the  air  void  range.  The  INDOT  requires 
between  5  and  6  percent,  the  U.S.  Army  4  to  6  percent  for  a  binder  course,  and  the 
Asphalt  Institute  3  to  5  percent.  Compared  to  other  variables,  the  air  voids  is  most  closely 
related  with  the  determination  of  the  optimum  binder  content.  Figures  6.1  through  6.17 
illustrate  the  test  data  for  each  mixture.  These  Figures  show  that  those  mixtures  containing 
PCB  and  CB  are  less  consistent  than  AC- 10  and  AC-20  mixtures.  Inclusion  of  PCB  and 
CB  may  account  for  this  variability.  All  test  data  by  the  Marshall  method  such  as  bulk 
specific  gravity  and  maximum  theoretical  specific  gravity  test  results  are  provided  in 
Appendix  B  and  Appendix  C,  respectively.  A  summary  of  the  Marshall  test  results  and 
mixture  properties  is  also  provided  in  Appendix  D.  Values  which  are  obviously  in  error 
were  not  included  in  the  average. 
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Table  6. 1 INDOT  Marshall  Criteria 


MIX  CRITERIA 

MTN. 

MAX. 

Compaction  (No.  of  blows  each  side  of  specimen) 

75 

75 

Stability  Ob.) 

1200 

- 

Flow 

6 

16 

Percent  Air  Voids 

4.0 

8.0 

Percent  Voids  in  Mineral  Aggregate  (VMA) 

•  3/8"(9.5  mm)  Nominal  Maximum  Particle  Size 

•  1/2"  (12.5  mm)  Nominal  Maximum  Particle  Size 

•  3/4"  (19.0  mm)  Nominal  Maximum  Particle  Size 

•  1"  (25.0  mm)  Nominal  Maximum  Particle  Size 

16 
15 
14 
13 

- 

Base  5D  Mixture 

12 

" 

Note       1  )The  nominal  maximum  particle  size  is  the  largest  sieve  upon  which  any  material  will  be 
permitted  to  be  retained. 

2)The  percent  air  voids  for  base  5D  mixture  shall  be  3.0  to  5.0. 

3)  The  optimum  bitumen  content  shall  be  the  bitumen  content  that  procedures  6.0  percent  air 
voids  for  all  mixtures  except  base  5D  [401.04(b)] 


Table  6.2  U.S  Army  Marshall  Criteria  (After  U.S.  Army  TM  5-822-8, 1987) 


!             Test  Property 

Type  of  Mix 

Criteria  for  100  psi  tires 

Stability 

Unit  Weight 

Flow 

%  Voids  Total  Mix 

All* 

All* 

Asphalt  Concrete 

Sand  Asphalt 

Binders 

Min.  500  lb. 

Not  Used 

Max.  20 

3-5 

5-7 

4-6 

%  Aggregate  Voids  Filled 

Asphaltic  Concrete 

Sand  Asphalt 

Binder 

75-85 
65-75 
65-75 

*  Asphaltic  concrete,  sand  asphalt,  and  binders. 

Note  :  The  criteria  shown  above  for  100  psi  tires  are  often  used  in  the  design  of  highway  pavements,  but 

they  are  subject  to  modification  where  substantial  experience  indicates  the  need  for  such  a  change. 
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Table  6.3  Marshall  Mix  Design  Criteria  for  Asphalt  Tndityt,*  (After  MS-2, 1994) 


Marshall  Method 
Mix  Criteria  1 


Light  Traffic         Medium  Traffic     Heavy  Traffic 
Surface  &  Base     Surface  &  Base    Surface  &  Base 


Mm 


Max 


Mm 


Max 


Mm 


Max 


Compaction,  number  of  blows 
each  end  of  specimen 

Stability.  N 

(lb.) 
Flow,  0.25  mm  (0.01  in.) 
Percent  Air  Voids 

Percent  Voids  in  Mineral 
Aggregate  (VMA) 

Percent  Voids  Filled  With 
Asphalt  (VFA) 


35 

50 

75 

3336 

5338 

8006 

(750)        -' 

(1200) 

— 

(1800)       — 

8            18 

8 

16 

8            14 

3             5 

3 

5 

3             5 

See  below  table 
(Minimum  percent  voids  in  mineral  aggregate) 


70 


80 


65 


78 


65 


75 


NOTES 

1 .  All  criteria,  not  just  stability  value  alone,  must  be  considered  in  designing  an  asphalt  paving  mix.  Hot 
mix  aspnalt  bases  that  do  not  meet  these  cntena  when  tested  at  60°C  (140°F)  are  satisfactory  if  they 
meet  the  cntena  when  tested  at  38°C  (100°F)  and  are  placed  100  mm  (4  inches)  or  more  below  the 
surface.  This  recommendation  applies  only  to  regions  having  a  range  of  climatic  conditions  similar  to 
those  prevailing  throughout  most  ol  the  United  States.  A  different  lower  test  temperature  may  be 
considered  in  regions  having  more  extreme  climatic  conditions. 

2.  Traffic  classifications 

Light         Traffic  conditions  resulting  in  a  Design  EAL  <1 04 

Medium    Traffic  conditions  resulting  in  a  Design  EAL  between  104  and  106 

Heavy      Traffic  conditions  resulting  in  a  Design  EAL  >106 

3.  Laboratory  compaction  efforts  should  closely  approach  the.  maximum  density  obtained  in  the 
pavement  under  traffic. 

4.  The  flow  value  refers  to  the  point  where  the  load  begins  to  decrease. 

5.  The  portion  of  asphalt  cement  lost  by  absorption  into  the  aggregate  particles  must  be  allowed  for  when 
calculating  percent  air  voids. 

6.  Percent  voids  in  the  mineral  aggregate  is  to  be  calculated  on  the  basis  of  the  ASTM  bulk  specific 
gravity  for  the  aggregate. 


Minimum  percent  voids  in  mineral  aggregate  (VMA) 


Minimum  VMA,  percent 


Nominal  Maximum 
Particle  Sizei .  2 


Design  Air  Voids,  PercentS 


3.0 


4.0 


5.0 


1.18 

No.  16 

2.36 

No.  8 

4.75 

No.  4 

9.5 

3/8 

12.5 

1/2 

19.0 

3/4 

25.0 

1.0 

37.5 

1.5 

50 

2.0 

63 

2.5 

21.5 

22.5 

23.5 

19.0 

20.0 

21.0 

16.0 

17.0 

18.0 

14.0 

15.0 

16.0 

13.0 

14.0 

15.0 

12.0 

13.0 

14.0 

11.0 

12.0 

13.0 

10.0 

11.0 

12.0 

9.5 

10.5 

11.5 

9.0 

10.0 

11.0 

1  -  Standard  Specification  tor  Wire  Cloth  Sieves  for  Testing  Purposes.  ASTM  E1 1  (AASHTO  M92) 

2  -  The  nominal  maximum  particle  size  is  one  size  larger  than  the  first  sieve  to  retain  more  than  1 0 

percent. 

3  -  Interpolate  minimum  voids  in  the  mineral  aggregate  (VMA)  lor  design  air  void  values  between  those 

listed. 
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Figure  6. 1  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC-10) 
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Figure  6.2  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC1(H-5%CB) 
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Figure  6.3  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC10+10%CB) 
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Figure  6.4  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC10+15%CB) 
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Figure  6.5  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC1(H-20%CB) 
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Figure  6.6  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC10+5%PCB) 
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Figure  6.7  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC10+-10%PCB) 
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Figure  6.8  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC1CH-15%PCB) 
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Figure  6.9  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC10+20%PCB) 
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Figure  6.10  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC-20) 
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Figure  6. 1 1  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC20+5%PCB) 
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Figure  6.12  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC2(H10%PCB) 
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Figure  6.13  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC20+15%PCB) 
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Figure  6. 14  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC20+20%PCB) 
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Figure  6.15  Graphical  Summaiy  of  Test  Data  by  Marshall  Method  (AC2OH0%CB) 
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Figure  6. 16  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC20+15%CB) 
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Figure  6. 17  Graphical  Summary  of  Test  Data  by  Marshall  Method  (AC2(H-20%CB) 
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6.2.2  Air  Voids 
The  air  voids,  voids  in  total  mix  (VTM),  are  estimated  by  comparing  the  average 
bulk  specific  gravity  (Gmb)  to  the  theoretical  maximum  specific  gravity  (Own)  at  each 
asphalt  content.  The  air  voids  can  be  calculated  by  the  following  relationship: 


VTM  =  11--^- 1 100 

Where,  Gmb  =  Bulk  Specific  Gravity 

Gmm  =  Theoretical  Maximum  Specific  Gravity 


Air  voids  vs.  Carbon  Black  Contents 

Figure  6.18  and  Figure  6.19  show  the  air  voids  vs.  carbon  black  content  for  AC- 1 0 
and  AC-20  binder  mixtures.  It  is  noted  that  the  air  voids  increase  as  the  carbon  black 
content  increases  for  both  bitumen  grades.  This  is  a  typical  effect  of  inclusion  of 
particulate  additives  in  asphalt ;  Khadaywi  (1988)  reported  similar  results  on  oil  shale  ash 
modified  binder.  The  air  voids  decrease  with  increasing  the  binder  content. 
Air  Voids  vs.  PCB  Content 

Figure  6.20  and  Figure  6.21  show  the  relationship  between  the  air  voids  and  the 
PCB  content  for  both  bitumen  grades.  The  general  trend  is  the  same  as  for  CB  mixtures. 
The  air  voids  increase  almost  linearly  with  increasing  PCB  contents.  Significant  changes 
were  not  observed  in  the  general  trend  when  comparing  the  conventional  mixture  and  the 
CB  mixture. 
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Figure  6. 1 8  Air  Voids  vs.  Carbon  Black  Contents  (AC-1 0) 
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Figure  6.19  Air  Voids  vs.  Carbon  Black  Contents  (AC-20) 
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Figure  6.20  Air  Voids  vs.  PCB  Contents  (AC-10) 
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Figure  6.21  Air  Voids  vs.  PCB  Contents  (AC-20) 
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The  air  voids  in  the  asphalt  mixtures  is  an  important  factor  because  their  physical 
properties  and  performance,  such  as  stability  and  durability,  are  directly  influenced  by  air 
voids  (Brown  and  Cross,  1989;  Ford,  1988). 

It  is  reported  that  rutting  is  likely  to  occur  due  to  plastic  flow  when  the  in-place  air 
voids  decrease  to  less  than  3  percent  (Brown  and  Cross,  1989,  Ford  1988,  Huber  and 
Herman,  1987).  When  the  air  voids  are  higher  than  8  percent,  the  mixtures  are  likely  to  be 
damaged  by  the  penetration  of  water  and  air.  Therefore,  the  mixtures  become  susceptible 
to  be  damaged  by  water  and  air,  as  the  rate  of  oxidation  of  the  binder  is  significantly 
increased  and  accelerated.  In  this  case,  the  oxidation  rate  of  the  mixtures  is  increased  so 
that  premature  cracking  can  occur  (Zube  1962,  Brown  et  al.  1989,  Santucci  et  al.  1985). 

The  relationship  between  air  voids  and  stability  was  examined  in  this  study  in  order 
to  evaluate  the  sensitivity  of  each  mixture  to  air  void  content.  Figure  6.22  and  Figure  6.23 
present  the  relationship  between  corrected  stability  and  air  void  content.  These  Figures 
show  that  both  modified  mixtures  are  less  sensitive  to  binder  content  than  unmodified 
mixtures.  On  the  other  hand,  it  appears  that  AC-20  mixtures  show  less  sensitivity  than 
AC- 10  mixtures. 

The  pyrolized  carbon  black  mixture  shows  less  sensitivity  to  air  void  content  and 
has  marginally  higher  strength  (stability)  than  CB  matures.  It  can  be  inferred  from  these 
results  that  the  inclusion  of  PCB  into  the  soft  asphalt  (AC- 10)  contributed  to  an  increase 
in  stability  and  to  a  decrease  in  sensitivity  of  the  stability  in  the  hardened  asphalt  (AC-20). 
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Figure  6.22  Air  Voids  vs.  Stability  (AC-20) 
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Figure  6.23  Air  Voids  vs.  Stability  (AC-10) 
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In  accordance  with  the  general  relationship  between  air  voids  and  Marshall 
stability,  mixtures  containing  PCB  modified  binders  may  be  expected  to  exhibit  higher 
durability,  strength,  and  retarded  plastic  deformation  under  traffic. 
6.2.3  Voids  in  Mineral  Aggregate 

The  VMA  should  be  neither  too  low.  nor  too  high.  If  the  VMA  is  too  low,  a 
satisfactory  asphalt  film  thickness  can  not  be  provided.  On  the  other  hand,  if  the  VMA  is 
too  high,  the  stability  of  the  mixture  can  be  reduced  (Robert  et  al.,  1991)  The  voids  in 
mineral  aggregate  (VMA)  are  calculated  from  the  following  relationship. 


[         Gmb{l-Pb)~\ 

VMA  =100   1- (6.2) 

where,  Gmb  :  Bulk  specific  gravity  of  specimen 
Pb :  Binder  content 
G*  :  Bulk  specific  gravity  of  aggregate 

VMA  vs.  CB  Contents 

The  effects  of  carbon  black  in  AC-10  mixtures  and  AC-20  mixtures  are  almost 
identical.  Voids  in  mineral  aggregate  increase  as  the  percent  of  carbon  black  increases  and 
binder  content  decreases.  Figure  6.24  and  6.25  show  the  variation  of  VMA  for  AC-10  and 
AC-20  by  inclusion  of  carbon  black. 
VMA  vs.  PCB  Contents 

Figure  6.26  and  Figure  6.27  show  the  effects  of  the  VMA  by  the  inclusion  of  PCB 
in  AC-10  mixtures  and  AC-20  mixtures,  respectively.  A  general  trend  is  not  maintained  for 
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Figure  6.24  VMA  vs.  Carbon  Black  Contents  (AC-10) 
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Figure  6.25  VMA  vs.  Carbon  Black  Contents  (AC-20) 
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Figure  6.26  VMA  vs.  Pyrolized  Caibon  Black  Contents  (AC-10) 
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Figure  6.27  VMA  vs.  Pyrolized  Carbon  Black  Contents  (AC-20) 
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the  inclusion  of  PCB  in  AC- 10  mixtures.  A  particular  trend  observation  is  that  high  PCB 
(20  %)  mixtures  showed  a  sudden  decrease  of  the  VMA 

The  AC-20  PCB  mixtures  show  different  trends,  that  is  VMA  is  slightly  higher 
than  CB  mixtures,  and  increase  of  the  VMA  is  significant  with  increasing  PCB  content. 

It  is  well  known  that  the  aggregate  gradation,  surface  texture  and  shape  are 
directly  related  to  the  VMA  Therefore,  it  can  be  inferred  from  the  test  result  that  PCB  in 
the  mixture  may  contribute  to  a  denser  gradation  and  rougher  surface  condition. 
6.2.4  Voids  Filled  with  Asphalt  Cement 

Voids  filled  with  asphalt  cement  (VFA)  is  defined  as  the  percentage  of  volume  of 
voids  in  mineral  aggregate  filled  with  asphalt  cement.  The  VFA  is  an  important  parameter 
in  the  determination  of  the  stability  and  the  rutting  of  the  asphalt  mixture.  It  has  been 
found  that  when  the  VFA  is  over  80  %  to  85  %,  the  asphalt  mixture  becomes  unstable  and 
rutting  is  likely  to  occur  (Robert  et  al.,  1991).  The  following  relationship  defines  the  VFA 


(VMA-VTM\ 


VFA  vs.  Carbon  Black  Contents 

Figure  6.28  and  6.29  show  the  relationship  between  VFA  and  carbon  black 
contents  for  AC- 10  and  AC-20  mixtures.  Voids  filled  with  asphalt  consistently  decrease  as 
the  percent  of  carbon  black  increases  for  AC- 10  and  AC-20  mixtures. 


94 


' 


VFA  vs.CB  Contents 

(AC-10) 


0%CB  5%CB  10%  CB  15%  CB 

Percent  of  CB 


Figure  6.28  VFA  vs.  Carbon  Black  Contents  (AC-10) 
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Figure  6.29  VFA  vs.  Carbon  Black  Contents  (AC-20) 
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VFA  vs.  PCB  Contents 

Figure  6.30  and  Figure  6.31  show  test  results  for  AC-10  PCB  mixtures  and  AC-20 
PCB  mixtures.  The  AC-10  mixtures  show  relatively  little  change  in  VFA  with  increasing 
PCB  content,  reflecting  the  influence  of  VMA  in  the  above  equation. 

6.2.5  Marshall  Stability 

The  mechanical  properties  of  the  mixtures  can  be  inferred  from  Marshall  stability. 
The  stability  is  the  measure  of  the  strength  of  the  mixture.  Marshall  Stability  has  long  been 
used  to  provide  a  laboratory  estimate  of  the  strength  of  the  asphalt  mixture. 
Stability  vs.  CB  Contents 

The  test  results  of  stability  vs.  carbon  black  content  for  both  grades  of  asphalt 
mixture  do  not  appear  to  produce  a  specific  trend.  Figure  6.32  and  Figure  6.33  show  the 
relationship  between  stability  and  carbon  black  content  for  AC-10  and  AC-20  mixtures. 
The  test  results  show  a  maximum  stability  at  a  CB  content  of  15  percent,  with  the 
exception  of  lean  mixtures  using  AC-10.  The  two  lean  mixtures  (3.5  %  and  4  %)  showed 
an  increasing  stability  through  the  range  of  CB  contents  tested. 
Stability  vs.  PCB  Contents 

The  AC-10  mixtures  and  the  AC-20  mixtures  show  different  responses  due  to  the 
inclusion  of  PCB.  The  stability  of  AC-10  mixtures  increases  to  15  percent  of  PCB  and 
then  decreases;  however,  the  stability  of  AC-20  mixtures  increases  with  increasing  of 
PCB  content.  Stability  is  roughly  proportional  to  the  PCB  content  for  AC-20  mixtures. 
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Figure  6.30  VFA  vs.  Pyrolized  Caibon  Black  Contents  (AC-10) 
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Figure  6.3 1  VFA  vs.  Pyrolized  Carbon  Black  Contents  (AC-20) 
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Figure  6.32  Stability  vs.  Carbon  Black  Contents  (AC-10) 
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Figure  6.33  Stability  vs.  Carbon  Black  Contents  (AC-20) 


98 

Figure  6.34  and  Figure  6.35  show  the  relationships  between  stability  and  percent  of  PCB 
for  AC- 10  and  AC-20  mixtures. 

In  general,  PCB  mixtures  showed  a  reduction  in  stability  at  low  PCB  content 
levels.  Although  AC- 10  PCB  mixtures  thereafter  peaked  at  about  15  percent,  they  failed 
to  achieve  the  stability  of  the  conventional  mixture.  The  AC-20  PCB  mixtures  also 
showed  a  loss  of  stability  at  low  PCB  content  levels,  but  demonstrated  a  continuing 
increase  with  increasing  PCB  contents 

6.2.6  Marshall  Flow 
Flow  vs.  Carbon  Black  Contents 

Figure  6.36  and  Figure  6.  37  show  the  effect  of  CB  on  Marshall  flow  for  AC-10 
and  AC-20  mixtures.  The  flow  increases  with  increasing  carbon  black  content  at  lower 
binder  content  and  then  slightly  decreases  with  increasing  binder  content  for  AC-10 
mixtures.  In  AC-20  mixtures,  the  flow  generally  increases  as  carbon  black  contents 
increase.  The  increase  rate  of  flow  in  AC-20  mixtures  is  much  higher  than  in  AC-10 
mixtures. 
Flow  vs.  PCB  Contents 

Figure  6.38  shows  the  flow  test  results  for  AC-10  PCB  mixtures.  Once  again,  the 
flow  is  essentially  independent  of  PCB  content  in  AC-10  mixtures.  However,  as  shown  in 
Figure  6.39,  the  AC-20  mixtures  show  a  significant  decrease  in  flow  with  increasing  PCB 
content,  indicating  a  potentially  enhanced  resistance  to  plastic  flow. 
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Figure  6.34  Stability  vs.  Pyrolized  Carbon  Black  Contents  (AC-10) 
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Figure  6.35  Stability  vs.  Pyrolized  Carbon  Black  Contents  (AC-20) 
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Figure  6.36  Flow  vs.  Carbon  Black  Contents  (AC-10) 
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Figure  6.37  Flow  vs.  Carbon  Black  Contents  (AC-20) 
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Figure  6.38  Flow  vs.  Pyrolized  Carbon  Black  Contents  (AC-10) 
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Figure  6.39  Flow  vs.  Pyrolized  Carbon  Black  Contents  (AC-20) 
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6.2.7  Optimum  Binder  Content 

The  optimum  binder  content  is  an  important  factor  in  asphalt  pavement  design, 
since  it  directly  affects  the  capability  of  the  asphalt  pavement  to  support  traffic  load.  The 
criteria  for  the  determination  of  the  optimum  binder  content  criteria  vary  with  each  agency 
and  state.  The  Indiana  Department  of  Transportation  (INDOT)  criteria  were  used  to 
determine  the  optimum  binder  content  in  this  study.  This  optimum  binder  content  was 
compared  to  the  U.S.  Army  Corps  Engineer  and  Asphalt  Institute  criteria  in  order  to 
identify  the  differences  of  optimum  binder  content.  Table  6.4  shows  the  optimum  binder 
content  for  the  three  different  criteria.  As  can  be  seen  in  Table  6.4,  when  the  Asphalt 
Institute  criteria  are  used,  the  optimum  binder  contents  for  AC- 10  binder  can  not  be 
denned.  This  reason  is  partly  attributed  to  the  increase  of  air  voids  when  PCB  and  CB  are 
blended  with  AC- 10  asphalt.  The  air  void  increases  with  increasing  CB  and  PCB  contents. 
An  identical  trend  was  observed  from  AC-20  mixtures.  An  increase  of  asphalt  content  or 
control  of  the  gradation  might  be  required  to  satisfy  the  Asphalt  Institute  criteria.  All  of 
the  mixtures  began  to  bleed  at  binder  contents  greater  than  5  percent  in  this  study. 

For  AC-10  mixtures,  when  the  U.  S.  Army  Corps  Engineers  criteria  were  used  to 
estimate  the  optimum  binder  contents,  the  criteria  render  slightly  less  optimum  binder 
contents  than  when  the  INDOT  criteria  were  used.  However,  for  AC-20  mixtures,  the 
INDOT  criteria  give  greater  optimum  asphalt  contents  than  the  Asphalt  Institue  criteria. 
The  determination  of  the  optimum  binder  contents  for  each  individual  mixture  are 
provided  in  Appendix  E.  It  can  be  noticed  from  the  plots  that  the  general  trend  of  the 
optimum  binder  contents  increases  with  increasing  the  amount  of  the  additives. 
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Figure  6.40  shows  the  comparison  of  the  optimum  binder  contents.  It  can  be  seen 
that  the  optimum  binder  contents  vary  somewhat  depending  on  the  grade  of  the  asphalt. 
Table  6.5  summarizes  the  effect  of  the  inclusion  of  PCB  and  CB  on  the  optimum  binder 
contents  for  both  grades  of  asphalt.  The  optimum  asphalt  contents  decrease  with  increase 
of  the  PCB  and  CB  content  in  AC- 10  mixtures.  Conversely  the  optimum  binder  contents 
increase  in  AC -20  binder  with  the  inclusion  of  PCB  and  CB. 

Table  6.4  The  Optimum  Binder  Content  of  3  Different  Criteria 


Agency 

Asphalt 

Pyrolized  Carbon  Black  (%) 

C 

arbon  Black  (%) 

0 

5 

10 

15 

20 

5 

10 

15 

20 

INDOT 

AC- 10 

4.8 

5.0 

5.1 

5.4 

5.7 

5.0 

5.0 

5.3 

5.4 

AC-20 

4.2 

4.7 

4.8 

5.2 

5.5 

4.2 

4.5 

5.0 

5.5 

Asphalt 
Institute 

AC- 10 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

AC-20 

4.4- 
4.5 

5.2- 
5.4 

5.5 

N/A 

N/A 

N/A 

N/A 

N/A 

N/A 

U.S  Army 

AC- 10 

4.7 

4.9 

5 

5.2 

5.5 

5.2 

4.9 

5.2 

5.2 

AC-20 

4.3- 
4.4 

4.7 

4.75 

5.1 

5.2 

4.8 

4.9 

5.1 

5.2 

Table  6.5  The  Effect  of  PCB  and  CB  in  Optimum  Binder  Contents. 


Asphalt 
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Carbon  Black 

AC-10 
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Decrease 
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Increase 

Increase 
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Figure  6.40  Comparison  of  Optimum  Binder  Contents 
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6.3  Gyratory  Testing  Machine 
6.3.1  Test  Results 
The   Gyratory   Testing   Machine   (GTM)   provides   stress   strain   and    plastic 
information.  Test  data  and  gyrographs  are  provided  in  Appendix  F.  The  following 
information  can  be  obtained  from  test  data  and  gyrographs; 

1)  Air  Voids  vs.  GTM  Revolutions 

2)  Gyratory  Compatibility  Index  (GCI) 

3)  Gyratory  Stability  Index  (GSI) 

4)  Gyratory  Shear  (Sg) 

5)  Gyratory  Shear  Factor  (GSF) 

6)  Gyratory  Shear  Modulus  (Gg) 

7)  Gyratory  Compression  Modulus  (Eg) 

8)  Unit  Weight 

6.3.2.  Air  Voids  vs.  GTM  Revolutions 
As  mentioned  in  the  Marshall  Test  Method,  the  air  voids  in  the  mixture  is  an 
important  characteristic,  since  it  permits  the  physical  properties  and  performance  of  the 
mixture  to  be  predicted  for  the  service  life  of  the  pavement.  The  relationship  between  air 
voids  and  GTM  revolutions  for  each  mixture  are  illustrated  in  Figure  6.41,  6.42,  6.43  and 
6.44.  The  acceptability  of  a  PCB  mixture  can  be  determined  from  this  relationship.  The  air 
void  level  of  5  to  8  percent  after  construction  and  that  of  3  to  5  percent  after  traffic 
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densification  have  been  found  to  be  acceptable  in  most  environments  both  for  surface  and 
for  binder  courses  (Von  Quintus  et  al.,  1991). 

As  the  GTM  revolutions  increase,  air  voids  decrease  as  expected.  Figure  6.41  and 
Figure  6.42  show  the  relationship  between  air  voids  and  GTM  revolutions  for  AC- 10  CB 
mixtures  and  PCB  mixtures,  respectively.  As  can  be  seen  from  Figure  6.41,  the  rate  of 
decrease  of  air  voids  for  the  CB  mixtures  is  consistent  with  the  increase  of  GTM 
revolutions  and  CB  contents.  The  air  voids  decrease  with  increasing  CB  content.  All  CB 
mixtures  contains  more  than  3  %  air  voids  at  200  GTM  revolutions.  It  is  noted  that  as  CB 
contents  increase,  the  decrease  in  air  voids  become  more  significant. 

However,  as  shown  in  Figure  6.42,  the  variation  of  air  voids  for  the  PCB  mixture 
is  not  as  significant  as  when  the  content  of  PCB  is  increased.  It  should  be  noted  that  when 
PCB  content  is  greater  than  10%,  the  variation  of  air  voids  is  almost  constant,  ranging 
between  8  %  and  3  %.  From  this  it  can  be  concluded  that  the  variation  of  air  voids  is 
almost  independent  of  the  inclusion  of  PCB  in  this  case. 

Figure  6.43  and  Figure  6.44  show  the  relationship  between  air  voids  and  GTM 
revolutions  for  AC-20  CB  mixtures  and  PCB  mixtures,  respectively.  As  shown  in  Figure 
6.43,  the  CB  mixtures  experienced  a  constant  decrease  of  air  voids  when  both  GTM 
revolutions  and  CB  content  were  increased.  The  initial  air  voids  of  a  conventional  mixture 
is  about  9  percent,  and  the  final  air  voids  is  about  4  percent.  Due  to  the  microfiller  action  j 
of  carbon  black,  the  percentage  of  air  voids  decreases  with  the  increase  of  carbon  black 
content.  According  to  the  test  results,  5  %  of  carbon  black  showed  an  ideal  behavior,  but 
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Figure  6.41  Relationship  between  Air  Voids  and  GTM  Revolutions  (AC10+CB) 
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Figure  6.43  Relationship  between  Air  Voids  and  GTM  Revolutions  (AC20+CB) 
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when  the  carbon  black  content  is  greater  than  5  percent,  the  final  air  voids  are  much  less 
than  3  percent. 

From  Figure  6.44,  it  can  be  deduced  that  the  inclusion  of  PCB  in  an  AC-20 
mixture  is  not  as  significant  as  the  inclusion  of  commercial  carbon  black  in  an  AC-20 
mixture,  the  final  percentage  of  air  voids  ranging  from  2.5  %  to  3  %.  This  variation  range 
is  smaller  than  the  one  for  CB  mixtures,  which  ranges  from  3  %  to  0.9  %. 

The  variation  of  air  voids  of  PCB  mixtures  is  less  severe  than  that  of  CB  mixtures 
for  both  grades  of  asphalt.  A  large  variation  of  air  voids  can  cause  pavement  failures 
associated  with  the  permanent  deformation.  The  potential  effects  of  the  inclusion  of  PCB 
in  both  grades  of  asphalt  are  summarized  as  follows: 

1)  Both  grades  of  asphalt  mixtures  may  be  permeable  to  air  and  water  due  to  high  air 
voids  in  the  initial  stage  of  construction  (Brown  et  al.,  1989;  Santucci  et  al.,  1985).  The 
premature  cracking  and/or  raveling  potential  may  be  more  significant  than  with  PCB 
mixtures. 

2)  The  rutting  potential  for  both  grades  of  asphalt  CB  mixtures  is  higher  than  that  of 
conventional  mixtures  and  PCB  mixtures,  because  when  the  air  voids  of  the  in-place 
mixture  are  less  than  3  percent,  the  permanent  deformation  is  likely  to  occur  due  to  plastic 
flow  (Brown  and  Cross,  1989). 

3)  The  use  of  the  appropriate  amount  of  PCB  can  control  the  variation  of  air  voids.  Both  5 
and  10  percent  PCB  mixtures  for  both  grades  of  asphalt  are  ideal  for  this  purpose.  The 
appropriate  control  of  air  voids  could  cause  higher  resistance  to  rutting  and  to  premature 
cracking. 


110 

6.3.3  Gyratory  Compactibility  Index 
The  Gyratory  Compactibility  Index  (GCI)defines  the  compactibility  of  the  mixture. 
The  Gyratory  Compactibility  Index  can  be  obtained  from  the  unit  weight  of  asphalt 
concrete  at  30  Revolutions  divided  by  the  unit  weight  of  asphalt  concrete  at  60 
Revolutions.  The  closer  the  index  is  to  unity,  the  easier  the  mixture  is  to  compact.  The 
Gyratory  Compactibility  Index  is  obtained  in  accordance  with  ASTM  D  3387.  The 
Gyratory  Compactibility  Index  for  each  mixture  is  summarized  in  Table  6.6.  As  can  be 
seen  in  Table  6.6,  there  is  no  difference  or  difficulty  in  compaction  due  to  the  inclusion  of 
PCB.  Both  PCB  mixtures  produce  a  ratio  close  to  unity.  Therefore,  the  compactibilty  of 
PCB  mixtures  could  be  equal  to  or  higher  than  the  CB  mixture  and  the  conventional 
asphalt  mixtures. 


Table  6.6  Summary  of  GO  for  each  mixture. 
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6.3.4  Gyratory  Stability  Index 
The  stability  of  a  mixture  can  be  estimated  by  GSI  which  is  related  to  plastic 
deformation  of  pavement.  As  the  GSI  value  is  closer  to  unity,  the  mixture  becomes  more 
stable  and  plastic  deformation  is  less  likely  to  occur.  Gyratory  Stability  Index  can  be 
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obtained  from  the  relationship  between  the  ratio  of  the  maximum  gyratory  angle  (6Wr) 
and  the  minimum  gyratory  angle  (dmin),  expressed  in  the  equation  below; 


GSI=f~  (64) 


The  official  criterion  for  GSI  value  has  not  yet  been  determined.  McRae  (1993) 
recommends  that  a  GSI  close  to  unity  typically  implies  a  stable  mix..  Robert  et  al.  (1991) 
specifies  that  "a  value  significantly  above  1.1  usually  indicates  unstable  mixtures." 
Research  conducted  by  the  Maine  DOT  suggests  that  "GSI  should  be  less  than  1.15  after 
300  revolutions  to  prevent  rutting"  ,  and  Illinois  DOT  studies  suggest  that  "GSI  should  be 
less  than  1.25  after  300  revolutions"  (Zhang  et  al.,  1994).  Based  on  the  previous  research 
on  GSI  values,  a  GSI  value  of  1.15  is  selected  as  a  criterion  in  this  study. 

The  relationship  between  GSI  and  the  number  of  revolutions  for  AC- 10  and  AC- 
20  mixtures  is  provided  in  Figure  6.45  and  Figure  6.46,  respectively.  As  can  be  seen  from 
Figure  6.45  and  Figure  6.46,  in  general,  GSI  increases  with  increasing  number  of 
revolutions.  The  rate  of  variation  of  GSI  is  almost  constant  with  increasing  GTM 
revolutions  in  the  PCB  mixtures.  The  rate  of  change  of  GSI  is  more  significnt  in  CB 
mixtures  than  PCB  mixture. 

For  AC- 10  mixtures,  the  conventional  mixture  shows  the  most  stable  condition. 
The  PCB  mixture  is  more  stable  and  undergoes  less  plastic  deformation  than  the  CB 
mixture.  The  increase  in  GSI  is  more  significant  in  high  PCB  and  CB  content  mixtures. 
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Figure  6.45  Comparison  of  GSI  for  AC-10  Mixtures 
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Figure  6.46  Comparison  of  GSI  for  AC-20  Mixtures 
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Conventional  AC-20  mixtures  prove  to  be  the  most  stable,  while  low  content  PCB 
and  CB  mixtures  are  more  stable  than  high  content  PCB  and  CB  mixtures.  This  implies 
that  the  inclusion  of  a  high  content  of  PCB  and  CB  increases  the  deformation  potential  of 
the  mixture.  Comparing  the  performance  of  PCB  mixtures  to  those  of  CB  mixtures  in 
terms  of  GSI,  the  PCB  mixtures  perform  far  better  than  the  CB  mixtures.  This  test  result 
can  be  compared  to  the  Marshall  stability  test  results.  The  Marshall  stability  increases  with 
increasing  PCB  content,  however,  it  is  found  from  the  GTM  that  the  plastic  deformation 
potential  is  somewhat  significant  with  increasing  PCB  contents  and  with  increasing  the 
GTM  revolutions.  This  is  because  the  Marshall  stability  allows  no  shearing  action  as  the 
compaction  proceeds. 

Figure  6.47  and  Figure  6.48  show  the  variation  of  GSI  as  a  function  of  PCB  and 
CB  content  for  both  grades  of  asphalt  mixtures.  It  can  be  observed  that  GSI  is  affected  by 
the  characteristics  of  asphalt.  Gyratory  Stability  Index  increases  with  increasing  PCB  and 
CB  content  in  AC- 10  mixtures;  however,  GSI  increases  and  then  decreases  with  PCB  and 
CB  contents  greater  than  15%  in  AC-20  mixtures. 

For  AC- 10  mixtures,  there  appears  to  be  a  different  response  than  for  AC-20 
mixtures.  The  variation  of  GSI  in  an  AC  10  PCB  mixture  is  less  significant  than  in  an  AC- 
20  mixture,  as  can  be  seen  in  Figure  6.48.  The  influence  of  PCB  is  not  so  significant  as  j 
that  of  CB  in  both  grades  of  asphalt.  Both  grades  of  CB  mixture  indicated  excess  plastic  j 
deformation  above  200  GTM  revolutions.  Therefore,  it  can  be  concluded  from  the  GSI 
that  conventional  AC- 10  and  AC-20  mixtures  perform  the  best,  and  both  grades  of  PCB 
modified  mixtures  perform  better  than  both  grades  of  CB  modified  mixtures. 
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Figure  6.47  Variation  of  GSI  by  PCB  and  CB  Contents  for  GTM  Revolutions  (AC-10) 
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Figure  6.48  Variation  of  GSI  by  PCB  and  CB  Contents  for  GTM  Revolutions  (AC-20) 
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Figure  6.49  illustrates  the  effects  of  PCB  in  AC-10  and  AC-20  mixtures  at  250 
GTM  revolutions  in  terms  of  GSI  and  percentage  of  PCB  and  CB.  Conventional  AC-10 
and  AC-20  mixtures  appear  to  be  more  stable  than  PCB  and  CB  mixtures.  For  softer 
asphalt  mixtures,  the  GSI  value  increases  with  increasing  PCB  and  CB  contents.  This 
implies  that  more  plastic  deformation  is  expected  in  higher  PCB  content  mixtures.  The  CB 
mixture  exhibited  more  extreme  variation  than  the  PCB  mixture,  as  CB  content  increases. 
Particularly,  the  variation  of  20%  GSI  in  the  CB  mixture  is  very  remarkable. 
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Figure  6.49  GSI  at  250  Revolutions 
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6.3.5  Gyratory  Shear 
Gyratory  Shear  (Sg)  indicates  the  shear  resistance  of  a  mixture.  A  reduction  of  this 
value  during  the  compaction  process  indicates  loss  of  stability.  Currently,  ah  official 
criterion  for  Sg  is  not  available.  Research  from  the  Maine  DOT  (1992)  recommends  35  psi 
(241.32  kPa)  after  300  revolutions  as  the  minimum  Sg  value  (Zhang  et  al.,  1994).  Since  in 
this  study  the  maximum  is  250  revolutions,  40  psi  has  been  selected  for  the  Sg  criterion. 
Different  models  of  GTM  have  different  relationships  for  determination  of  Sg.  Gyratory 
Shear  (Sg)  for  GTM  model  8A/6B/4C  can  be  obtained  by  the  following  relationship: 

Sg  =  8.27x^  (6.5) 

h 

where,  p  =  vertical  pressure  (psi) 

h  =  height  of  specimen  (inches) 

Figure  6.50  presents  the  effect  of  PCB  and  CB  in  AC-10  mixtures.  The 
conventional  AC-10  mixture  remains  very  consistent  after  100  revolutions,  despite  an 
increase  in  GTM  revolutions.  The  PCB  mixtures  exhibits  higher  Sg  values;  however,  the 
variation  of  Sg  in  the  PCB  mixtures  is  more  significant  than  that  of  Sg  in  the  conventional 
AC-10  mixtures.  Conversely,  the  variation  of  Sg  in  the  PCB  mixtures  is  less  significant 
than  that  of  Sg  in  the  CB  mixtures.  The  latter  is  more  marked  when  GTM  revolutions 
increase.  Figure  6.51  shows  the  effect  of  PCB  and  CB  in  AC-20  mixtures.  Both  PCB  and 
CB  appear  to  maintain  the  same  general  trend  in  AC-20  mixtures.  This  result  may  be 
explained  by  the  variation  of  air  voids;  since  the  percentage  of  air  voids  of  conventional 
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Figure  6.50  Comparison  of  Sg  by  GTM  Revolutions  (AC- 10) 
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mixtures  is  lower  than  that  of  PCB  and  CB  mixtures.  The  densification  effect  by  the  traffic 
in  conventional  mixtures  is  less  significant  than  in  PCB  and  CB  mixtures.  Five  percent  and 
ten  percent  PCB  mixtures  show  the  best  performance  in  terms  of  gyratory  shear,  as  shown 
in  Figures  6.50  and  6.51.  This  implies  that  the  shear  resistance  of  the  mixture  can  be 
reinforced  by  the  inclusion  of  5%  to  10%  PCB  In  both  asphalt  mixtures. 

6.3.6  Gyratory  Shear  Factor 
The  GSF  is  a  factor  of  safety  type  index;  when  the  GSF  value  is  less  than  unity, 
there  is  inadequate  shear  strength  for  the  anticipated  maximum  shear  in  the  pavement.  The 
Gyratory  Shear  Factor  (GSF)  can  be  obtained  from  the  relationship  between  the  gyratory 
shear  estimated  and  the  theoretical  maximum  induced  shear  stress.  The  theoretical 
maximum  induced  shear  stress  (tmix)  for  a  strip  load  on  a  homogeneous  elastically 
isotropic  mass  is 

:«=  Vertical  Pressure  /  %  =  120  /  3. 14  =  38.2  psi  (263 .4  kPa)  (6.6) 

and  the  GSF  is, 

GSF  =  Sg/Tn«  (6.7) 

Therefore,  t  „«  =  38.2  psi  is  fixed  so  that  GSF  provides  exactly  the  same  trend  as  gyratory 
shear.  McRae  (1993)  states  in  the  GTM  manual  that  the  GSF  value  is  not  valid  if  the  GSI 
is  greater  than  unity.  Because  pavement  design  should  allow  a  certain  amount  of 
deformation,  GSI  and  GSF  should  be  considered  at  the  same  time.  As  mentioned  earlier, 
GSI  is  a  function  of  plastic  deformation  of  the  mixture,  and  GSF  is  related  to  the  shear 
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strength  of  the  mixture.  Therefore,  it  is  desirable  for  the  mixture  to  meet  these  two  criteria 
so  that  less  plastic  deformation  and  higher  shear  resistance  can  be  obtained. 

Table  6.7  and  Table  6.8  summarize  GSI  and  GSF  at  GTM  100  revolutions  and  at 
GTM  250  revolutions,  respectively.  For  100  revolutions  in  Table  6.5,  all  mixtures  passed 
the  design  criteria.  In  particular,  the  shear  resistances  of  most  of  the  PCB  mixtures  in  both 
grades  of  asphalt  have  showed  the  superior  performance  of  all  other  mixtures. 

However,  if  the  revolutions  increase,  GSI  and  GSF  are  significantly  affected  by  the 
increase,  just  as  increase  in  traffic  volume  increases  the  plastic  deformation  and  decreases 
the  stabilty  of  pavement.  As  can  be  seen  in  Table  6.6,  only  7  mixtures  out  of  18  mixtures 
pass  the  design  criteria.  That  is,  about  39  percent  of  the  mixtures  meet  the  design  criteria. 
All  conventional  mixtures  in  both  grades  of  asphalt  resulted  in  good  performance. 
Furthermore,  while  5  %  and  10  %  PCB  mixtures  for  both  grades  of  asphalt,  which  met  the 
design  criteria,  showed  desirable  performance  and  higher  shear  resistance  than  any  other 
mixture,  however,  for  CB  mixtures,  only  one  CB  mixture  (AC-20+5  %  CB),  passed  the 
design  criteria. 

From  this  analysis,  two  things  can  be  concluded:  a)  the  inclusion  of  PCB  in  asphalt 
mixture  strengthens  the  shear  resistance  of  the  pavement;  b)  plastic  deformation  can  be 
controlled  by  the  appropriate  amount  of  PCB. 


Table  6.7  Analysis  of  GSI  and  GSF  at  GTM  100  Revolutions 
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Table  6.8  Analysis  for  GSI  and  GSF  at  GTM  250  Revolutions 


Note  :  Shaded  cells  mean  that  mixtures  are  out  of  the  design  criteria  (GSI  £1.2  and  GSF  £  1.0) 
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6.3 .7  Gyratory  Shear  Modulus 
The  Gyratory  Shear  Modulus  is  expressed  through  the  following  relationship; 

where,  60  =  Initial  Gyratory  Shear  Angle 

The  initial  Gyratory  Shear  Angle  (0O)  is  identical  for  a  machine;  therefore,  the  Gyratory 

Shear  Modulus  shows  the  same  trend  as  Gyratory  Shear. 

6.3.8  Gyratory  Compression  Modulus 
The  Gyratory  Compression  Modulus  (Eg)  can  be  obtained  from  the  following 
equation: 

Eg  =  2Gg(l+u)  (6.9) 

where,  Gg  =  Gyratory  shear  modulus 
\i  =  Poisson's  ratio 

As  can  be  seen  from  the  equation  above,  the  Eg  is  a  function  of  the  Gyratory  Shear 
Modulus  when  Poisson's  ratio  is  given.  Therefore,  Eg  also  shows  the  same  trend  as  the 
Gyratory  Shear  (Sg). 

The  comparison  of  Gyratory  Shear  Factor,  Gyratory  Shear  and  Gyratory 
Compression  Modulus  discussed  above  are  presented  in  Appendix  G.  It  should  be  noted 
that  while  the  CB  mixtures  showed  better  performance  in  low  revolutions  (both  50  and 
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100  revolutions),  the  PCB  mixtures  showed  better  performance  at  150  revolutions  or 
more.  This  indicates  that  PCB  mixture  can  be  more  stable  and  durable  than  conventional 
asphalt  mixture  and  CB  mixture  in  terms  of  long  periods  of  traffic  loading. 

6.3.9  Unit  Weight 

Figure  6.52  and  Figure  6.53  show  the  variation  of  the  unit  weight  of  both  mixtures 
with  GTM  revolutions.  The  initial  rate  of  increase  in  unit  weight,  for  50  to  150 
revolutions,  is  very  significant.  The  unit  weight  of  CB  mixtures  steadily  increases  as  the 
CB  content  increases  from  50  to  250  revolutions. 

However,  the  PCB  mixture  shows  different  behavior  in  terms  of  unit  weight;  the 
variation  of  unit  weight  is  not  as  significant  as  for  CB  mixtures.  The  unit  weight  in  terms 
of  PCB  content  is  almost  the  same  from  5  percent  to  15  percent  PCB,  and  slightly 
decreases  beyond  15  percent  PCB. 

The  different  behavior  of  PCB  mixtures  in  unit  weight  could  be  attributed  to  the 
different  specific  gravity  of  the  two  materials.  The  specific  gravity  of  CB  is  approximately 
1.95  and  that  of  PCB  is  1.49.  Another  reason  for  this  might  be  the  difference  of  the 
particle  sizes  of  both  material.  The  PCB  involves  much  coarser  particles  than  carbon  black 
does,  therefore,  when  the  asphalt  is  replaced  by  the  PCB,  more  volume  is  occupied  by  the 
PCB.  Thus  the  unit  weight  of  the  PCB  mixture  is  lower  than  that  of  the  CB  mixture. 
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6.4  Dynamic  Confined  Creep  Test 
6.4.1  Test  Results 
The  total  permanent  deformations  at  the  end  of  each  rest  period  were  obtained 
through  the  creep  test.  These  results  were  plotted  in  terms  of  strain  (in/in.)  vs.  repeated 
loading  time  (sec).  Figure  6.54  and  Figure  6.55  present  the  plots  for  the  testing  results  of 
AC  10  with  5  percent  PCB  and  AC20  with  5  percent  PCB  mixture,  respectively.  The 
amount  of  permanent  deformation  depends  on  the  grade  of  asphalt  and  types  of  mixtures. 
However,  the  general  pattern  of  the  curve  for  each  mixture  is  almost  identical.  The  rest  of 
the  plots  are  presented  in  Appendix  H. 

6.4.2  Test  Data  Analyses 
The  influence  of  the  inclusion  of  CB  and  PCB  in  both  asphalt  types  was  examined 
through  preliminary  analysis  of  the  creep  data.  The  analyses  conducted  were  the  mix 
stiffness  modulus,  the  creep  compliance,  the  corrected  total  creep  and  the  corrected 
cumulative  creep.  After  these  analyses  were  completed,  regression  was  carried  out  by 
using  corrected  cumulative  creep  data  so  that  the  creep  potential  for  each  mixture  could 
be  examined. 

6.4.3  Mix  Stiffiiess 
The  stiffiiess  modulus  was  originally  defined  by  Van  der  Poel  (1954) 


Tensile  Stress 
K)     Tensile  Strain 
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Based  on  test  data,  strain  and  applied  stress  were  used  to  estimate  the  mix  stiffness  (Smix) 
as  a  function  of  loading  time  using  the  following  equation  (Hills  et  al.,  1974): 

S**(T,t)  =  ^  (6.11) 

where,  S„a  (T,t)  ■        Mix  stiffness  at  a  specified  temperature  (7)  and  time  of  loading  (r) 
a  =  applied  stress  (120  psi),  and 

e,  =  axial  strain  at  t  =  Ah/h,  where  Ah  is  change  in  height  of  specimen, 

and  h  is  height  of  specimen. 

AC-10 +  CB  Mixtures 

Figure  6.56  shows  the  mix  stiffness  of  AC-10  with  CB  mixtures.  As  shown  in 
Figure  6.56,  the  10  percent  CB  mixture  showed  the  most  significant  decrease  of  rutting 
potential  in  the  initial  stage.  The  stiffness  trends  for  20  percent  and  15  percent  of  CB 
mixtures  are  almost  identical;  the  mix  stiffness  trends  for  the  final  stage  of  the  two 
mixtures  are  the  same.  Inclusion  of  CB  for  AC-10  mixtures  resulted  in  increasing  the  mix 
stiffness.  As  CB  contents  increase,  the  mix  stiffness  increases. 
AC-10  +PCB  Mixtures 

Figure  6.57  shows  the  mix  stiffness  for  AC-10  with  PCB  mixtures.  The  PCB 
mixtures  appear  to  have  the  same  trend  as  CB  mixtures.  The  only  difference  is  that  the  15 
%  PCB  mixture  showed  the  most  significant  increase  of  stiffness  in  this  mixture  type.  As 
can  be  seen,  all  mixtures  showed  an  increase  in  stiffness  with  increasing  PCB  contents. 
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Figure  6.56  Comparison  of  Mix  Stiffiiess  for  AC10+CB  Mixture 
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AC-20  +  CB  Mixtures 

Figure  6.58  presents  the  mix  stiffness  for  AC-20  with  CB  mixtures.  The  mix 
stiffiiess  decreases  with  increasing  CB  content,  which  is  opposite  to  the  trend  shown  by 
AC- 10  CB  mixtures.  The  stifihess  effect  is  not  as  significant  for  AC-20  mixtures  as  it  is 
for  AC- 10  mixtures.  Rather,  the  inclusion  of  CB  in  AC-20  decreases  the  rutting  potential. 
AC-20  +  PCB  Mixtures 

In  Figure  6.59,  the  variation  of  the  mix  stiffness  for  AC-20  with  PCB  mixtures  is 
illustrated.  In  this  case,  the  stiffness  decreases  with  the  inclusion  of  PCB.  As  shown  in 
Figure  6.59,  5  %  of  the  mixture  resulted  in  the  most  significant  decrease  of  stiffness.  As 
observed  in  AC-20  CB  mixtures,  the  inclusion  of  PCB  in  AC-20  causes  the  rutting 
potential  to  increase. 

After  the  completion  of  the  analysis  of  the  mix  stiffness,  a  particular  trend  was 
found:  stiffness  of  AC- 10  mixtures  for  both  CB  and  PCB  increases  when  the  CB  and  the 
PCB  contents  are  increased.  However,  when  the  CB  and  PCB  contents  are  increased  in 
AC-20  mixtures,  the  stiffness  of  the  mixture  decreases.  Therefore,  use  of  CB  or  PCB  in 
AC-20  is  not  recommended. 

The  increase  of  stiffness  is  more  significant  in  PCB  mixtures  for  both  asphalt  types. 
This  general  trend  agrees  with  the  Gyratory  testing  machine  results.  However,  the  PCB 
contents  used  are  not  correlated  with  each  other.  In  the  Gyratory  testing  machine,  10  %  of 
the  PCB  mixture  proved  to  be  the  most  significant.  On  the  other  hand,  in  creep  test 
results,  the  rutting  potential  decreased  with  increasing  PCB  contents.  This  difference  could 
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Figure  6.59  Comparison  of  Mix  Stifihess  for  AC2CH-PCB  Mixture 
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be  caused  by  the  particle  orientations  in  the  mixtures  due  to  the  different  compaction 
processes. 

6.4.4  Creep  Compliance 
Creep  compliance  can  be  calculated  'from  the  creep  test  data.  The  creep 
compliance  can  be  used  to  study  the  viscoelastic  characteristics  of  the  mixes.  The  creep 
compliance  is  the  inverse  of  mix  stiffness.  Therefore,  an  increase  of  creep  compliance 
represents  an  increase  of  the  rutting  potential  in  the  pavement  system.  The  creep 
compliance  is  obtained  by  dividing  the  strain  by  the  applied  stress  (Hills,  1973),  as  shown 
in  the  equation  below: 


G  Omix 

where,  st  =  axial  strain 
a  =  applied  stress 
Smix  —  mix  stifmess 


Figure  6.60  and  Figure  6.61  show  the  creep  compliance  for  AC-10  with  PCB 
mixtures  and  AC-20  with  PCB  mixtures,  respectively.  The  creep  compliance  for  AC-10 
with  PCB  decreases  with  increasing  PCB  contents.  The  inclusion  of  PCB  in  this  case 
causes  the  rutting  potential  to  decrease.  However,  the  creep  compliance  for  AC-20  with 
PCB  mixtures  increases  with  increasing  PCB  contents.  Recall  that  the  creep  compliance  is 
the  inverse  of  the  mix  stiffness. 
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6.4.5  Corrected  Creep 
Corrected  creep  data  were  interpreted  to  observe  the  total  strain  variation  of  the 
mixtures.  The  corrected  creep  data  were  obtained  by  offsetting  the  loading  cell  seating 
time.  The  offset  time  is  the  time  at  which  the  loading  cell  makes  contact  with  the  specimen 
surface,  which  was  generally  between  47  and  57  seconds. 

AC- 10  +  CB  Mixtures 

Corrected  creep  results  for  AC- 10  as  a  function  of  loading  time  (sec)  are  shown  in 
Figure  6.62.  The  decrease  of  deformation  is  significant  with  increasing  CB  contents  up  to 
10  percent.  However,  when  the  increase  of  CB  content  was  higher  than  10  %,  the 
decrease  is  not  as  significant. 
AC- 10  +  PCB  Mixtures 

Figure  6.63   shows  the  effect  of  the  inclusion  of  PCB  in  AC- 10  mixtures. 
Deformation  decreases  with  increasing  PCB  content.  The  decrease  in  deformation  rate  is 
slightly  less  than  in  CB  mixtures,  and  the  relationship  between  the  PCB  content  and  the 
decrease  in  deformation  is  more  evident  than  in  the  CB  mixtures. 
AC20  +  CB  Mixture 

Figure  6.64  illustrates  the  relationship  between  corrected  creep  and  different 
contents  of  CB.  The  total  deformation  increases  with  increasing  CB  content.  This  trend  is 
totally  opposite  to  the  AC10  with  CB.  Ten  percent  and  fifteen  percent  have  an  overlap 
during  the  first  1500  seconds;  after  the  first  1500  seconds  the  total 


140 


Corrected  CREEP 

AC10+C8 


1500  2000  2500  3000  3500 

TIME  (SECONDS) 


Figure  6.62  Comparison  of  Corrected  Creep  for  AC10+CB  Mixture 
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deformation  of  the  10  percent  CB  mixture  increases  more  than  that  of  the  15  percent  CB 

mixture. 

AC20  +  PCB  Mixture 

Figure  6.65  shows  the  corrected  creep  results  for  AC-20  with  PCB.  The 
relationship  shows  somewhat  different  results  from  the  AC- 10  PCB  mixtures.  The 
inclusion  of  PCB  in  the  AC-20  mixture  caused  the  total  deformation  to  increase.  The  5 
percent  PCB  mixture  resulted  in  the  most  significant  increase  of  deformation.  With 
increasing  PCB  content,  the  deformation  eventually  drops.  While  5  %  to  15  %  PCB 
mixtures  showed  an  increase  in  deformation,  the  20  %  PCB  mixture  showed  a  slight 
decrease  of  the  total  deformation. 

6.4.6  Corrected  Cumulative  Creep 

As  shown  in  Figure  6.66,  the  corrected  cumulative  creep  for  CB  mixtures 
decreases  with  increasing  CB  contents.  The  creep  potential  slope  generally  decreases  as 
the  CB  content  increases.  Figure  6.67  shows  the  corrected  cumulative  creep  for  AC- 10 
PCB  mixtures.  The  cumulative  creep  is  similar  to  the  CB  mixtures.  In  this  case,  the  15 
percent  mixture  resulted  in  the  smallest  cumulative  creep.  The  general  trend  cannot  be 
explained  in  terms  of  PCB  contents  and  creep  behavior  because  of  the  variability  of  the 
test  results. 

Figure  6.68  shows  the  cumulative  creep  results  for  AC-20  CB  mixtures.  As  CB 
content  is  increased,  the  cumulative  creep  increases  and  the  slope  becomes  steeper.  This 
trend  agrees  with  the  results  for  the  mix  stiffness  and  the  corrected  creep.  The  AC-20 
PCB  mixtures  showed  somewhat  different  results  as  compared  to  AC-20  CB  mixtures. 
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This  difference  is  shown  in  Figure  6.69.  An  increase  of  PCB  content  did  not  contributed  to 
the  decrease  of  cumulative  creep.  The  inclusion  of  PCB  in  AC-20  mixtures  caused  the 
cumulative  creep  to  increase. 

The  corrected  cumulative  creep  was  interpreted  to  identify  the  slope  of  the  creep 
test  results.  The  slope  of  the  corrected  cumulative  creep  provides  the  creep  potential  for 
each  mixture.  When  the  slope  is  steeper,  the  rutting  potential  is  higher.  Figure  6.70  shows 
the  variation  of  the  creep  potential  for  each  mixture.  As  can  be  seen  in  Figure  6.70,  the 
inclusion  of  PCB  and  CB  in  AC-10  mixtures  is  more  effective  than  in  AC-20  mixtures. 
This  trend  was  found  in  the  previous  commercial  carbon  black  studies;  the  effects  of  the 
carbon  black  filler  on  the  properties  of  the  asphalt  used  varied  somewhat  depending  on  the 
characteristics  of  the  asphalt  (Vallerga  and  Gridley,  1980,  Khosla,  1991). 

Based  on  the  regression  results,  the  creep  potential  can  be  predicted  by  the  value 
of  the  slope  for  each  mixture.  The  slope  of  the  AC-10  PCB  mixtures  are  less  than  the  AC- 
10  CB  mixtures,  and  thus  less  creep  is  anticipated  for  the  AC-10  PCB  mixtures.  Table  6.9 
presents  results  of  the  linear  regression  for  cumulative  creep  data.  The  coefficient  of 
determination  is  higher  than  0.96  for  all  cases. 
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Figure  6.68  Comparison  of  Corrected  Cumulative  Creep  for  AC20+CB  Mixture 
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Figure  6.69  Comparison  of  Corrected  Cumulative  Creep  for  AC20+-PCB  Mixture 
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Table  6.9  The  Results  of  Linear  Regression  for  Cumulative  Creep 


Asphalt  Mixture 

CB  (PCB)  Content 

i* 

X-Coefficient 

AC10  +  CB 

0% 

0.99 

0.000438 

5% 

0.99 

0.000278 

10% 

0.98 

0.000198 

15% 

0.97 

0.00028 

20% 

0.98 

0.000177 

AC10  +  PCB 

5% 

0.99 

0.000234 

10% 

0.98 

0.00026 

15% 

0.98 

0.000179 

20% 

0.97 

0.000241 

AC20  +  CB 

0% 

0.96 

0.000204 

5% 

0.99 

0.000344 

10% 

0.99 

0.000469 

15% 

0.99 

0.000448 

20% 

0.99 

0.000508 

AC20  +  PCB 

5% 

0.99 

0.000319 

10% 

0.98 

0.000381 

15% 

0.99 

0.000296 

20% 

0.98 

0.000242 
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Figure  6.70  Variation  of  Creep  Potential  for  Fach  Mixture 
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6.5  Resilient  Modulus  testing 
6.5.1  Test  Results 
The  resilient  modulus  (Mr)  represents  the  ratio  of  an  applied  stress  to  the 
recoverable  strain  that  takes  place  after  the  applied  stress  has  been  removed.  The  results  of 
the  resilient  modulus  testing  for  the  AC-10  mixtures  and  the  AC-20  mixtures  are 
summarized  in  Table  6.10  and  Table  6.11,  respectively.  The  horizontal  displacement  and 
applied  load  were  used  to  calculate  the  resilient  modulus  for  each  specimen.  As  mentioned 
in  the  previous  chapter,  the  tests  were  performed  at  two  different  temperatures. 


Table  6. 10  The  Test  Results  for  AC-10  Mixtures 


Mixture 

Horizontal  Displacement  (mm) 
(Average)) 

Applied  Load  (KN) 
(Average) 

5°C 

25°C 

5°C 

25°C 

AC-10 

0.001135 

0.00127 

0.252 

0.246 

AC10  +  5%CB 

0.001013 

0.00145 

0.248 

0.246 

AC10+10%CB 

0.001184 

0.00109 

0.247 

0.246 

AC10+15%CB 

0.001032 

0.001168 

0.248 

0.246 

AC10  +  20%CB 

0.001062 

0.001211 

0.249 

0.247 

AC10  +  5%PCB 

0.00094 

0.001086 

0.249 

0.248 

AC10+10%PCB 

0.000928 

0.001062 

0.249 

0.248 

AC10  +  15  %  PCB 

0.001904 

0.001044 

0.247 

0.246 

AC  10  +  20  %  PCB 

0.001154 

0.001038 

0.254 

0.247 
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Table  6. 1 1  The  Test  Results  for  AC-20  Mixtures 


Mixture 

Horizontal  Displacement  (mm) 

Applied  Load  (KN) 

5°C 

25°C 

5°C 

25°C 

AC-20 

0.001167 

0.001306 

0.250 

0.247 

AC20  +  5  %  CB 

0.001050 

0.001099 

0.230 

0.251 

AC20+10%CB 

0.000971 

0:001129 

0.249 

0.252 

AC20+15%CB 

0.001062 

0.001184 

0.248 

0.249 

AC20  +  20  %  CB 

0.000977 

0.001080 

0.255 

0.251 

AC20  +  5  %  PCB 

0.001878 

0.000977 

0.245 

0.251 

AC20+10%PCB 

0.000915 

0.001007 

0.239 

0.256 

AC20+15%PCB 

0.001062 

0.000861 

0.241 

0.250 

AC20  +  20  %  PCB 

0.000993 

0.001038 

0.254 

0.247 

6.5.2  Test  Data  Analysis 

The  resilient  modulus  is  calculated  using  the  following  equation: 

P(Q.27+v) 


Mr  =  - 


Hxt 


Where, 


Mr=  Total  resilient  modulus  (MPa) 

P  —  Load  applied  (N) 

v-  Poisson's  ratio  ( assumed  to  be  0.35) 

H  =  Total  recoverable  horizontal  deformation  (mm) 

/  =  Thickness  of  specimen  (mm  ) 


(6.13) 
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Figure  6.71  shows  the  variation  of  the  resilient  modulus  with  increasing  PCB  and 
CB  content.  The  test  results  in  Figure  6.71  indicate  that  the  resilient  modulus  of  the  PCB 
and  the  CB  mixtures  is  higher  than  the  conventional  mixtures  at  both  low  and  high 
temperatures.  The  resilient  modulus  at  low  temperature  (5°C)  increases  with  increasing 
PCB  content  to  10  %  and  then  decreases  slightly.  At  high  temperature  (25°C),  the  resilient 
modulus  increases  with  increasing  PCB  and  remains  constant.  The  pyrolized  carbon  black 
mixtures  produce  a  resilient  modulus  that  increases  with  increasing  PCB  content  at  low 
temperatures.  This  trend  continues  at  high  temperatures. The  same  general  trend  appears 
to  be  maintained  in  the  CB  mixtures,  however,  the  resilient  modulus  of  the  CB  mixtures  is 
generally  lower  than  that  of  the  PCB  mixtures. 

Figure  6.72  shows  AC-20  mixture  test  results.  The  resilient  modulus  is  increased 
with  the  inclusion  of  PCB  and  CB  at  both  low  and  high  temperatures.  In  particular,  at  high 
temperatures  (2S°C),  the  resilient  modulus  of  the  PCB  mixtures  indicates  significant 
increase  and  remains  almost  constant.  The  CB  mixtures  shows  the  same  trend.  The 
inclusion  of  PCB  and  CB  in  AC-20  mixtures  also  shows  the  increases  of  the  resilient 
modulus  at  both  low  and  high  temperatures. 

The  resilient  modulus  of  PCB  mixtures  is  generally  higher  than  for  CB  mixtures  at 
both  low  and  high  temperatures.  It  is  observed  from  the  resilient  modulus  test  that  the 
effect  of  PCB  is  more  significant  at  high  temperature  than  at  low  temperature.  Khosla 
(1991)  indicated  the  same  conclusion  with  the  commercial  carbon  black  modified  asphalt 
concrete. 
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As  mentioned  earlier,  the  performance  of  both  CB  modified  mixtures  and  PCB 
modified  mixtures  is  dependent  upon  the  characteristics  of  the  asphalt.  The  resilient 
modulus  is  effected  by  the  asphalt  type  and  the  asphalt  temperature.  The  use  of  PCB  in 
AC-20  mixtures  would  increase  the  resilient  modulus  at  both  low  and  high  temperatures. 
The  use  of  PCB  in  AC- 10  at  low  temperature  provides  a  lesser  effect  than  in  AC-20 
mixtures  on  the  resilient  modulus,  however,  increase  of  the  resilient  modulus  at  high 
temperature  would  be  significant.  Therefore,  it  can  be  concluded  that  the  inclusion  of  PCB 
in  both  grades  of  asphalt  decreases  the  temperature  susceptibility  at  high  service 
temperatures  without  affecting  the  resilient  modulus  at  low  service  temperatures  (Khosla, 
1991). 
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Figure  6.71  The  Resilient  Modulus  of  the  AC-10  Mixtures. 
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Figure  6.72  The  Resilient  Modulus  of  the  AC-20  Mixtures 
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6.6  Hamburg  Wheel  Tracking  Device 
6.6.1  Test  Results 

Ten  sets  of  duplicate  sample  slabs  were  tested  to  evaluate  the  stripping  potential 
and  resistance.  As  mentioned  earlier,  10  %  and  15  %  CB  and  PCB  mixtures  were  tested. 
The  selection  of  the  mixtures  was  made  based  on  results  from  the  Gyratory  Testing 
Machine,  because  these  mixtures  showed  good  performance  in  terms  of  Gyratory  Stability 
Index  and  Gyratory  Stability  Factor.  The  test  results  are  given  to  show  the  relationship 
between  permanent  deformation  (mm)  vs.  numbers  of  wheel  passes.  Figure  6.73  and 
Figure  6.74  show  the  test  results  for  AC-20  mixtures  and  AC-20  10%  PCB  mixtures, 
respectively.  The  rest  of  the  test  results  are  provided  in  Appendix  I. 

6.6.2  Analysis  of  Test  Data 

Figure  6.75  presents  the  relationship  between  the  impression  depth  and  the  number 
of  wheel  passes.  According  to  Hines  (1991),  the  Hamburg  Wheel  Tracking  Device 
provides  four  kinds  of  information,  which  are:  post  compaction,  creep  slope,  stripping 
inflection  point  and  stripping  slope.  Only  the  stripping  inflection  point  and  stripping  slope 
will  be  considered  in  the  analysis  of  test  data.  The  stripping  inflection  point  is  the  number 
of  wheel  passes  at  which  the  onset  of  stripping  is  identified  and  represents  the  stripping 
potential  of  the  pavement.  It  is  reported  that  the  mixture  begins  to  suffer  damage  by  the 
water  at  this  point  (Elf  Industries,  1992).  Therefore,  a  higher  stripping  inflection  point 
would  indicate  that  a  pavement  would  be  less  likely  to  strip.  Aschenbrener  et  al  (1994) 
reported  the  correlation  of  the  stripping  inflection  point  and  stripping  observed  in 
pavements  of  known  field  performance  based  on  the  Hamburg  Wheel  Tracking  Device  at  a 
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Figure  6.74  Test  Results  for  Hamburg  Wheel  Tracking  Device  (AC20  +  10%  PCB) 
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temperature  of  122°F  (50°C).  This  showed  that  a  stripping  inflection  point  at  around 
16,000  passes  correlated  with  a  good  pavement  performance;  a  stripping  inflection  point 
around  8,400  passes  indicated  excessive  maintenance  problems  during  the  design  life  of 
the  pavement;  and  a  stripping  inflection  point  at  around  1,300  passes  indicted  a  severe 
stripping  problem,  which  would  limit  the  life  of  the  pavement  to  less  than  3  years. 

The  stripping  slope  is  the  number  of  wheel  passes  divided  by  the  impression  depth 
(mm),  which  is  the  inverse  of  the  slope  shown  in  Figure  6.7S.  The  slope  is  estimated  after 
the  stripping  point  is  evaluated.  Decrease  of  the  slope  indicates  increase  of  the  stripping 
potential. 
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Figure  6.75  Relationship  between  Impression  Depth  and  Number  of  Wheel  Passes  (After 
Elf  Industires,  1992) 
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6.6.3  Stripping  Inflection  Point 

Table  6. 12  presents  the  summary  of  the  stripping  inflection  points  and  the  stripping 
slopes  of  the  mixtures  tested.  As  can  be  seen  in  Table  6.12,  the  stripping  resistance 
improved  with  the  inclusion  of  CB  and  PCB  in  AC- 10  mixtures.  As  the  CB  and  PCB  were 
added  to  AC- 10  mixtures,  the  stripping  resistance  increased.  The  CB  mixture  shows  the 
best  resistance  against  stripping.  However,  the  stripping  slope,  which  represents  the 
sensitivity  of  stripping  potential,  is  not  increased  as  much  as  the  stripping  resistance. 
Figure  6.76  shows  the  comparison  of  the  stripping  resistance  for  each  mixture. 

The  analysis  of  results  of  AC-20  mixtures  tests  shows  that  the  inclusion  of  CB  and 
PCB  causes  the  stripping  resistance  to  improve.  The  carbon  black  mixtures  also  show 
excellent  stripping  resistance  in  AC-20  mixtures.  However,  the  improvement  of  the 
stripping  resistance  is  more  significant  using  AC-20  than  AC-10  for  both  CB  and  PCB. 
Figure  6.77  shows  the  comparison  of  the  stripping  resistance  for  each  mixture. 

While  the  stripping  inflection  point  is  increased  with  the  inclusion  of  PCB  in  both 
grades  of  asphalt  mixtures,  a  significant  decrease  of  the  stripping  potential  is  not  obtained 
with  the  inclusion  of  the  PCB.  The  CB  mixture  shows  the  same  result  on  the  stripping 
potential.  Therefore,  it  is  concluded  that  once  the  pavement  has  begun  to  strip,  the 
stripping  will  continue  and  it  is  not  easy  to  retard  the  propagation  of  the  stripping. 

As  commercial  carbon  black  is  a  hydrophobic  material,  antistripping  action  of  the 
CB  mixture  is  much  more  significant  than  other  mixtures.  A  basic  function  of  an 
antistripping  agent  is  to  counteract  the  hydrophilic  aggregate  surface  and  to  make  the 
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mixture  resistant  to  stripping.  Since  PCB  contains  75  %  carbon  black  and  only  25  %  of 
other  elements,  it  is  expected  that  it  will  be  an  effective  antistripping  agent. 

Table  6. 12  The  Summary  of  the  Test  Results  forthe  Hamburg  Wheel  Tracking  Device 


Mixture 

Stripping  Slope 

Stripping  Inflection  Point 

AC-10 

313.2 

2,800 

j          AC10  +  10  %  CB 

288 

6,500 

AC10  +  15  %  CB 

343.8 

8,000 

AC10+10%PCB 

277.8 

3,000 

AC10+15%PCB 

315.5 

3,500 

AC-20 

626.4 

7,100 

AC  20  +  10  %  CB 

No  Stripping 

<20,000 

AC20  +  15  %  CB 

No  Stripping 

<20,000 

AC20  +  10  %  PCB 

624 

7,200 

AC20  +  15  %  PCB 

632.8 

8,800 

. 
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Figure  6.76  Comparison  of  Stripping  Resistance  (AC-10  Mixtures) 
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Figure  6.77  Comparison  of  Stripping  Resistance  (AC-20  Mixtures) 
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6.7  Indirect  Tensile  Testing 
6.7.1  Test  Results 
The  indirect  tensile  testing  provides  the  tensile  strength  of  the  mixture,  and  the 
cracking  potential  of  the  mixture  can  be  estimated  through  the  tensile  strength.  The 
ultimate  applied  load  at  failure  was  obtained; from  the  test  and  the  tensile  strength  was 
calculated.  The  results  of  the  indirect  tensile  testing  for  AC- 10  and  AC-20  mixtures  are 
summarized  in  Table  6.13  and  Table  6.14.  The  ultimate  applied  load  were  almost  the  same 
for  each  mixture  type  of  asphalt.  The  AC-20  mixtures  recorded  the  higher  applied  load  as 
can  be  seen  from  the  Tables. 


Table  6. 13  The  Results  of  Indirect  Tensile  Testing  for  AC-10  Mixtures 


Mixture 

Ultimate  Applied  Load,  KN 

Tensile  Strength,  KPa 

AC-10 

24.3 

2396 

AC10  +  5%CB 

24.0 

2369 

AC10+10%CB 

24.3 

2400 

AC10+15%CB 

24.4 

2409 

AC10  +  20%  CB 

24.0 

2369 

AC10  +  5%PCB 

26.7 

2636 

AC10+10%PCB 

23.7 

2340 

AC10+15%PCB 

24.6 

2429 

AC10+20%PCB 

26.6 

2626 
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Table  6. 14  The  Results  of  Indirect  Tensile  Testing  for  AC-20  Mixtures 


Mixture 

Ultimate  Applied  Load,  KN 

Tensile  Strength,  Kpa 

AC-20 

30.4 

3001 

AC20  +  5%  CB 

29.9 

2952 

AC20  +10%  CB 

30.5 

3011 

AC20+15%CB 

31.1 

3070 

AC20  +  20%  CB 

27.8 

2745 

AC20  +  5%  PCB 

29.8 

2942 

AC20  +  10%  PCB 

29.2 

2883 

AC20+15%PCB 

32.7 

3228 

AC20  +  20%  PCB 

32.3 

3189 

6.7.2  Test  Data  Analysis 
The  tensile  strength  of  mixtures  is  calculated  using  the  following  equation: 


St  = 


2Pu* 

7tiD 


(6.14) 


where, 

St=  Tensile  strength  of  mixture  (KPa) 

Puh  =  Ultimate  applied  load  at  failure  (N) 

t  =  Height  of  specimens  (mm) 

D  =  Diameter  of  specimens  (mm) 


Figure  6.78  presents  the  tensile  strength  of  both  grades  of  mixtures  versus  PCB 
and  CB  content.  The  15%  and  20%  PCB  mixtures  for  AC- 10  and  AC-20  indicate  an 
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increase  in  tensile  strength,  however,  the  increase  is  not  significant.  The  tensile  strength  of 
both  grades  of  asphalt  mixtures  appears  to  be  essentially  independent  of  the  inclusion  of 
PCB  or  CB. 

Figure  6.79  and  Figure  6.80  show  the  failure  mode  of  the  AC10  +  20%  PCB 
mixture  and  AC20  +  20%  PCB  mixture,  respectively.  The  failure  mode  is  dependent  on 
the  characteristics  of  asphalt,  which  was  observed  from  the  creep  test  and  the  resilient 
modulus  test.  As  seen  in  Figure  6.79  and  Figure  6.80,  the  AC10  PCB  mixture  shows 
plastic  behavior  after  the  failure,  while  the  AC-20  PCB  mixture  shows  brittle  failure. 

Based  on  indirect  tensile  testing,  it  can  be  concluded  that  the  inclusion  of  PCB  in 
either  grade  of  asphalt  at  low  temperature  does  not  enhance  the  tensile  strength,  while  it 
has  no  adverse  effect  on  the  cracking  potential  of  the  conventional  asphalt  mixture.  The 
indication  of  brittleness  in  the  AC-20  mixture  provides  the  higher  tensile  strength, 
however,  the  crack  propagation  in  AC-20  mixtures  could  be  more  critical  than  in  AC- 10 
mixtures  due  to  sudden  failure,  with  no  healing  action. 
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Figure  6.78  The  Tensile  Strength  of  the  Mixtures 
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Figure  6.79  The  Failure  Mode  of  AC-10  +  20%  PCB  Mixture 


i                 !      i      i      1      i      : 

1                                            1       !       i 

A 

i       Is i >\ ^-""T- 

\ 

I       |       |       j       |       |       | 

\ 

i       '       1  -  • 

\\ 

|         j      -  |         j 

\| 

•II 

1 

V 

i         i         1 

1 

1       ! 

i       ! 

1       i      1      1      1 

1        1 

22  38 

Tine    (see) 


Figure  6.80  The  Failure  Mode  of  AC-20  +  20%  PCB  Mixture 
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6.8  Summary  of  Discussion 
6.8.1  Marshall  Test  Method 

The  Marshall  stability  of  the  PCB  mixtures  is  almost  the  same  as  that  of  the  CB 
mixtures  and  the  conventional  mixtures  at  the  optimum  binder  content.  This  trend  appears 
to  be  maintained  in  both  grades  of  asphalt  mixtures.  The  most  significant  improvement  of 
the  PCB  mixtures  is  that  the  rate  of  reduction  of  the  Marshall  stability  with  decreasing  air 
voids  is  not  as  severe  as  that  observed  in  the  conventional  mixtures.  The  same  trend  is 
observed  with  the  CB  mixtures,  however,  the  rate  of  reduction  of  the  stability  is  slightly 
higher  than  the  PCB  mixtures. 

The  void  relationships,  Voids  in  Total  Mix  (VTM),  Voids  in  Mineral  Aggregate 
(VMA),  and  Voids  Filled  with  Asphalt  (VFA)  show  a  general  agreement  with  those 
expected  with  the  inclusion  of  most  additives.  The  VTM  and  the  VMA  increase  with 
increasing  PCB  and  CB  content.  The  VFA  decreases  with  increasing  PCB  and  CB 
content.  The  optimum  asphalt  content  increases  in  AC- 10  mixtures  and  decreases  in  AC- 
20  mixtures  with  increasing  PCB  and  CB  content.  None  of  the  Marshall  parameters  of  the 
conventional  mixtures  indicate  any  significant  improvement  attributable  to  CB  or  PCB 
modification. 

6.8.2  Gyratory  Testing  Machine 

The  Gyratory  Testing  Machine  provides  the  characteristics  of  the  asphalt  mixtures 
as  compaction  proceeds.  The  Gyratory  Compatibility  Index  (GCI),  the  Gyratory  Stability 
Index  (GSI),  the  Gyratory  Shear  (Sg),  the  Gyratory  Shear  Factor  (GSF)  are  analyzed  to 
investigate  the  effect  of  the  use  of  PCB  and  CB. 
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The  compactibility  of  PCB  and  CB  mixtures  is  independent  of  the  inclusion  of 
PCB  or  CB  in  both  grades  of  asphalt.  The  GO  of  the  PCB  mixture  is  almost  the  same  as 
that  of  the  CB  and  the  conventional  mixtures.  No  adverse  effect  on  the  compaction  is 
anticipated  due  to  the  inclusion  of  PCB. 

The  GSI,  which  is  related  to  the  plastic  deformation  of  the  conventional  mixtures, 
indicates  that  the  conventional  mixtures  show  the  most  stable  condition,  however,  the 
PCB  mixtures  are  more  stable  and  undergo  less  plastic  deformation  than  the  CB  mixtures. 
The  Gyratory  Shear  Factor  (GSF)  of  the  PCB  mixtures  shows  performance  superior  to  all 
other  mixtures.  When  both  GSI  and  GSF  at  high  Gyratory  revolutions  are  used  to  evaluate 
the  performance  of  the  mixtures,  the  5  %  and  the  10  %  PCB  mixture  for  both  grades  of 
asphalt  and  both  of  the  conventional  mixtures  indicate  the  potential  for  desirable 
performance  and  high  shear  resistance.  Based  on  the  analyses  of  the  Gyratory  Stability 
Index  and  Gyratory  Shear  Factor,  two  conclusions  may  be  reached;  1)  the  inclusion  of 
PCB  in  the  asphalt  mixture  enhances  the  shear  resistance  of  the  pavement,  and  2)  the 
plastic  deformation  can  be  controlled  by  the  appropriate  amount  of  PCB  used.  Table  6.15 
is  a  relative  comparison  of  the  test  results  of  the  Gyratory  Testing  Machine.  The  relative 
comparison  is  made  in  order  to  evaluate  the  effects  of  PCB  and  CB  in  both  grades  of 
asphalt.  As  shown  in  Table  6. 15,  the  PCB  mixtures  generally  exhibit  better  performance. 
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Table  6.15  The  Effect  of  PCB  and  CB  in  AC- 10  and  AC-20  Mixtures. 


PCB  Mixture 

CB  Mixture 

Conventional  Mixture 

AC-10 

AC-20 

AC-10 

AC-20 

AC-10 

AC-20 

GCI 

o 

o 

o 

o 

o 

o 

GSI 

* 

* 

X 

X 

o 

o 

GSF 

o 

o 

X 

X 

* 

* 

Sg 

o 

o 

* 

X 

* 

* 

Note  :  o  :  Good,  *  :  Reasonable,  x  :  Poor 


6.8.3  Rutting  Resistance 
The  rutting  resistance  of  the  mixture  can  be  evaluated  by  the  creep  test  results.  The 

test  results  are  somewhat  dependent  on  the  characteristics  of  the  asphalt.  The  AC-10  PCB 

and  CB  mixtures  indicate  an  increase  in  rutting  resistance.  Both  PCB  and  CB  mixtures 

show  almost  the  same  increase  in  rutting  resistance.  The  15  %  PCB  mixture  and  the  20  % 

CB  mixture  exhibit  the  best  potential  for  increasing  the  rutting  resistance  in  the  AC-10 

mixture.  A  non-linear  regression  indicates  that  the  creep  potential  of  the  AC-10  PCB 

mixture  is  less  than  either  the  CB  mixture  or  the  conventional  mixture. 

In  contrast  to  the  AC-10  conventional  mixtures,  resistance  to  rutting  decreased 

with  the  inclusion  of  PCB  and  CB  in  the  AC-20  mixtures.  The  rutting  resistance  of  the 

AC-20  CB  and  PCB  mixtures  decreases  with  increasing  CB  and  PCB  content.  Table  6.16 

provides  a  summary  of  the  rutting  resistance  for  both  grades  of  asphalt  with  inclusion  of 

PCB  and  CB. 
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Table  6. 16  The  Summary  of  Rutting  Resistance 


PCB  Mixture 

CB  Mixture 

AC- 10 

Increase 

Increase 

AC-20 

Decrease 

Decrease 

6.8.4  Resilient  Modulus 
The  resilient  modulus  of  the  mixture  is  tested  at  two  different  temperatures.  (5°C 
and  25°C).  The  resilient  modulus  of  the  PCB  mixtures  is  generally  higher  than  that  of  the 
CB  mixtures  and  the  conventional  mixtures.  The  resilient  modulus  is  effected  by  both  the 
asphalt  type  and  the  asphalt  temperature.  While  the  inclusion  of  PCB  in  the  AC-10 
mixtures  tend  to  increase  the  resilient  modulus  at  both  low  and  high  temperature,  its 
inclusion  in  the  AC-20  mixtures  shows  less  improvement  at  low  temperature,  whereas 
there  is  a  significant  improvement  at  high  temperature.  While  the  inclusion  of  PCB  or  CB 
generally  reduces  temperature  susceptibility,  this  effect  is  more  advantageous  when  PCB  is 
used.  Table  6.17  shows  the  relative  effect  of  PCB  and  CB  in  both  grades  of  asphalt  at  two 
different  temperatures,  and  shows  that  the  PCB  mixtures  perform  well  at  both  low  and 
high  temperatures. 
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Table  6. 17  The  Effect  of  PCB  and  CB  on  the  Resilient  Modulus 


PCB  Mixture 

CB  Mixture 

Conventional  Mixture 

5°C 

25°C 

5°C 

25°C 

5°C 

25°C 

AC- 10 

■■.    O 

0     f: 

* 

* 

X 

X 

AC-20 

* 

.  o 

O  ; 

* 

* 

X 

Note  :  o  :  Excellent,  *  :  Good,  x  :  Fair 

6.8.5  Stripping  Resistance 
The  stripping  resistance  of  the  mixture  is  evaluated  from  the  Hamburg  Wheel 
Tracking  Device.  Stripping  resistance  increases  with  increasing  PCB  and  CB  content  in 
both  AC- 10  and  AC-20  mixtures.  While  the  CB  mixtures  demonstrate  the  best  overall 
resistance  to  stripping,  the  rate  of  improvement  in  stripping  resistance  with  increasing  CB 
content  is  more  significant  in  the  AC-20  mixtures.  In  particular,  both  10%  and  15%  CB 
mixtures  show  high  stripping  resistance.  Table  6.18  shows  the  relative  effect  of  PCB  and 
CB  in  both  grades  of  asphalt  mixtures  for  stripping  resistance. 


Table  6. 18  The  Effect  of  PCB  and  CB  on  the  Stripping  Resistance 


PCB  Mixture 

CB  Mixture 

Conventional  Mixture 

AC- 10 

* 

0 

X 

AC-20 

* 

o 

X 

Note  :  o  :  Excellent,  *  :  Good,  x  :  Poor 
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6.8.6  Cracking  Potential 

Indirect  Tensile  Testing  provides  a  measure  of  the  cracking  potential  of  the 
mixtures.  The  inclusion  of  PCB  and  CB  in  both  grades  of  asphalt  at  low  temperature 
(5°C)  does  not  enhance  the  tensile  strength  significantly,  while  it  has  no  adverse  effect  on 
the  cracking  potential  of  both  grades  of  the  conventional  asphalt  mixtures. 

Though  increase  of  the  tensile  strength  is  not  significant  for  all  mixtures,  in 
general,  the  PCB  mixtures  indicated  the  best  performance,  the  use  of  10  percent  by  weight 
of  asphalt  could  be  considered  optimum  to  decrease  the  cracking  potential.  On  the  other 
hand,  the  CB  mixtures  show  better  behavior  than  the  conventional  mixtures. 

6.8.9  Material  Cost  Comparison 

The  raw  material  cost  of  the  commercial  carbon  black  is  71  cents/lb  (CABOT, 
1995)  and  the  pyrolized  carbon  black  is  16  cents/lb  (Wolf  Industries,  1995).  Table  6.19 
shows  the  raw  material  cost  of  the  commercial  carbon  black  and  the  pyrolized  carbon 
black.  The  raw  material  cost  can  be  reduced  as  much  as  $1100/ton  by  using  PCB  as 
compared  to  when  CB  is  used  as  an  additive. 


Table  6. 19  The  raw  material  cost  for  CB  and  PCB 


Commercial  Carbon  Black 
(High  Structure  HAF  Type) 

Pyrolized  Carbon  Black 
(Not  Mill  Ground) 

Material  Cost 

71  cents/lb  ($1420/ton) 

16  centsflb  ($320/ton) 

Note  :  1)  The  raw  material  cost  provided  by  the  manufacturer. 
2)  The  price  does  not  include  shipping  costs. 


171 

If  a  5  mile,  two  lane  road  is  overlaid  to  a  depth  of  1.5  inch  with  optimum  asphalt 
content  at  5  %,  approximately  300  tons  of  asphalt  binder  are  needed.  Therefore,  15  tons 
of  PCB  or  CB  are  required  for  a  5  %  mixture,  30  tons  for  a  10%  mixture,  45  tons  for  a 
15%  mixture  and  60  tons  for  a  20%  mixture.  When  a  10%  mixture  is  used  for  the 
pavement  construction,  approximately  30  tons  of  PCB  or  CB  are  needed  to  blend  with  the 
asphalt.  Figure  6.81  shows  the  comparison  of  the  raw  material  cost  for  the  complete 
mixture  in  the  case  of  10%  PCB  and  10%  CB  mixture.  As  can  be  seen  in  the  cost 
comparison,  the  raw  material  cost  can  be  reduced  significantly  by  using  PCB  compared  to 
using  CB.  The  cost  to  use  pyrolized  carbon  black  can  potentially  be  compensated  by 
extending  the  service  life  of  the  pavement  and  a  better  quality  of  the  pavement  condition. 
However,  this  can  only  be  verified  through  the  field  trials. 
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Figure  6.81  The  Comparison  of  the  Raw  Material  Cost  for  10%  PCB  and  CB 

Note  :  1)  Raw  Material  Costs  (Keiser  &  Keiser  Contractors  Inc.,  1995) 

a)  AC-10  and  AC-20  :  $126/ton  (Varies  everyweek) 

b)  #9  Binder  Mix  :  $21.75/ton 

c)  PCB  :  $320/ton,  CB  :  $l,420/ton 

2)  Construction  Cost :  5  miles,  1.5  inch  thick,  2  lanes 

a)  5  miles  x  5280  ft/mile  x  24  ft  (2  lanes)  x  1.5/12  =  79,200  ft3 

b)  G.S  for  the  Asphalt  Mixture  (2.4)  x  62.4  lb/ft3  =  149.76  lb/ft3 

c)  149.76  lb/ft3  x  79,200  ft3  =  1 1,860,992  lb  (6000  tons) 

d)  Assumed  the  optimum  binder  content  to  be  5  %  : 

-  Asphalt  needed  :  6000  tons  x  0.05  =  300  tons 

-  Using  10  %  PCB  or  CB:  300  tons  x  0. 1  =  30  tons 

3)  Raw  Material  Costs 

a)  Asphalt  Mix  :  6000  tons  x  $21.75/ton  =  $130,500 

b)  PCB  :  30  tons  x  $320/ton  =  $9,600  (7.3  %  Increase) 

c)  CB  :  30  tons  x  $l,420/ton  =  $42,600  (32.6  %  Increase) 
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CHAPTER  7 
SUMMARY,  CONCLUSIONS  AND  RECOMMENDATIONS 

71  Summary 

This  study,  based  on  comprehensive  laboratory  testing  and  evaluations,  assesses 
the  usefulness  and  feasibility  of  using  pyrolized  carbon  black  from  waste  tires  in  hot  mixed 
asphalt.  The  characteristics  and  performance  of  the  pyrolized  carbon  black  (PCB) 
modified  asphalt  concrete  are  investigated  and  compared  to  the  carbon  black  (CB) 
modified  asphalt  and  the  conventional  asphalt  concrete.  The  Marshall  Test  Method,  the 
Gyratory  Testing  Machine  (GTM),  the  Dynamic  Creep  Test,  the  Hamburg  Wheel  Device, 
the  Resilient  Modulus  Test,  and  the  Indirect  Tensile  Test  were  performed. 

The  complete  behaviors  of  PCB  modified  asphalt  concrete  were  investigated.  The 
performance  of  PCB  modified  asphalt  concrete  at  low  temperature  (5°C)  was  defined  by 
the  Indirect  Tensile  Test  which  provided  the  cracking  potential  of  the  mixture.  The 
performance  at  mid-temperature  ranges  (5°C  to  25°C)  was  investigated  by  the  Resilient 
Modulus  Test  which  gives  the  strength  of  the  PCB  mixtures.  The  creep  behavior  was 
investigated  by  the  Dynamic  Confined  Creep  Test  at  50°C  to  investigate  the  rutting 
potential  of  the  PCB  mixtures.  The  mechanical  properties  and  the  optimum  binder 
contents  were  determined  by  the  Marshall  Test  results.  The  stress-strain  behavior  of  the 
PCB  modified  asphalt  concrete  was  determined  by  the  Gyratory  Testing  Machine.  In 
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addition,  the  Hamburg  Wheel  Tracking  Device  was  employed  to  define  the  stripping 
potential  of  the  PCB  mixture.  The  findings  of  this  study  demonstrate  the  beneficial  effect 
of  PCB  additives  on  the  conventional  asphalt  mixtures. 

7.2  Conclusions 
It  has  been  shown  that  pyrolized  carbon  black  (PCB)  from  scrap  tires  is  useful  as  a 
reinforcing  agent  in  asphalt  mixtures.  Based  on  the  laboratory  testing  programs  in  this 
study,  the  following  principal  conclusions  can  be  drawn: 


1)  The  performance  and  characteristics  of  PCB  modified  asphalt  concrete  are 
somewhat  dependent  on  the  characteristics  of  the  asphalt.  The  use  of  PCB  in 
AC- 10  asphalt  mixtures  provides  more  benefits  than  in  AC-20  asphalt  mixtures. 

2)  At  optimum  binder  content,  the  Marshall  stability  of  the  PCB  modified  asphalt 
concrete  is  less  sensitive  to  the  degree  of  compaction  (Air  Voids). 

3)  Compatibility  of  the  PCB  mixture  is  independent  on  the  inclusion  of  PCB. 
Gyratory  Stability  Index  (GSI)  increases  with  the  PCB  content  in  the  AC-10 
mixtures  and  the  AC-20  mixtures,  except  for  the  AC20  +  20%  PCB  mixture. 
The  inclusion  of  PCB  in  both  grades  of  asphalt  mixtures  improves  the  shear 
resistance  of  the  pavement,  and  the  plastic  deformation  can  be  controlled  by  the 
appropriate  amount  of  PCB. 
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4)  Rutting  potential  is  reduced  with  increasing  PCB  content  in  AC- 10  mixtures. 

5)  Less  stripping  potential  is  to  be  expected  in  both  grades  of  PCB  asphalt 
mixtures. 

6)  The  temperature  susceptibility  at  high  temperature  is  decreased  by  the  inclusion 
of  PCB,  without  affecting  the  resilient  modulus  at  low  temperatures. 

7)  The  increase  of  tensile  strength  due  to  the  inclusion  of  PCB  is  not  significant  for 
either  grade  of  asphalt.  Thus  the  tensile  strength  is  independent  of  the  inclusion 
ofPCB. 

8)  The  typical  performance  of  PCB  modified  asphalt  mixtures  is  improved  with 
respect  to  CB  modified  mixtures  and  conventional  asphalt  mixtures. 

9)  A  pyrolized  carbon  black  content  of  10  %  to  1 5  %  by  weight  of  asphalt  is 
recommended  for  the  improvement  of  the  asphalt  concrete. 

7.3  Recommendations 
While  the  laboratory  test  results  have  shown  performance  improvement  of  PCB 
modified  asphalt,  some  problems  associated  with  the  use  of  PCB  from  scrap  tires  as  a 
reinforcing  agent  are  anticipated.  One  problem  is  in  the  handling  of  loose  PCB  in  the  field; 
another  is  achieving  dispersion  of  the  PCB  in  asphalt. 

1)  Additional  laboratory  studies  should  include  use  of  slag  aggregate,  and  changes 
in  the  characteristics  of  the  asphaltic  binder  when  PCB  is  added. 
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2)  Mixing  technology  of  PCB  in  asphalt  should  be  studied  in  the  laboratory  prior 
to  further  attempts  in  the  field. 

3)  Test  sections  should  be  planned  for  1996  or  1997,  using  the  mixtures  which 
have  been  shown  to  be  most  effective  in  the  laboratory. 

4)  Rheological  study  of  PCB  modified  asphalt  cement  will  provide  fundamental 
understanding  of  the  effects  of  PCB  behavior  on  different  characteristics  of 
asphalt. 

5)  Reuse  and  recycling  of  pyrolized  carbon  black  asphalt  concrete  should  be 
considered  and  studied. 
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Summary  of  Laboratory  Studies 

Selected  laboratory  studies  are  summarized.  The  purpose  of  the  laboratory  studies 

is  to  review  the  test  methods,  the  test  protocol  and  the  effects  of  carbon  black  in  asphalt 

mixtures. 

Title:  EFFECT  OF  THE  USE  OF  MODIFIERS  ON  PERFORMANCE  OF  ASPHALT1C 
PAVEMENTS  (TRB  RECORD  1317,1991) 

Author :  N.  Paul  Khosla 

This  paper  discussed  the  effect  of  two  commercially  available  asphalt  modifiers  in 
improving  the  mechanical  properties  of  asphalt  paving  mixtures.  The  author  evaluated 
the  abilities  of  these  modifiers  to  mitigate  pavement  distress  and  improve  overall 
pavement  performance. 

The  test  results  show  that  the  effect  of  the  modifier  on  the  paving  mixture  properties  is 
pronounced  at  high  temperatures.  Carbon  black  is  the  most  significant  in  reducing 
pavement  rutting.  Carbon  black  modifier  shows  a  degree  of  improvement  in  the  overall 
pavement  performance. 

Material  Used  and  Specimen  Preparation 

1)  The  base  asphalt  used  :  AC-5,  AC-10  and  AC-20 

2)  Additives  :  Polymer  and  Carbon  Black  (Microfil8-pelletized  carbon  black  using  8 
percent  maltenes.)  Each  modified  asphalt  was  premixed. 

3)  AC-5  was  blended  with  12  %  Microfil  8  and  AC-10  with  10  %  Microfll8. 

4)  Aggregate  :Dense-graded  aggregate  was  used.  North  Carolina  1-1  mix 
specifications  were  used. 

5)  The  mixtures  were  designed  in  accordance  with  the  Marshall  method  of  mix  design. 
The  binder  contents  used  in  the  mixtures  were  varied  to  keep  the  volume  of  the  binder 
constant  in  all  mixtures, 

Testing  Programs  and  Results 

Creep  test,  fatigue,  and  resilient  modulus  tests  were  performed  and  compared  with  the 
conventional  asphalt 

1)  Creep  test 

Incremental  static  creep  tests  were  performed  on  specimens  4  in.  in  diameter  and  8  in. 
high  to  determine  the  permanent  deformation  coefficients  to  be  used  in  the  VESYS 
computer  program.  Test  specimens  at  temperatures  of  -20,  0,  20,  40,  70,  90,  and 
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120°F  were  tested  under  a  creep  stress  of  20  psi.  However,  specimens  at  140°F  were 
tested  under  a  creep  stress  of  10  psi  due  to  the  potential  breakage  of  specimens. 

The  analysis  of  test  results  reveals  that  the  mixtures  containing  the  conventional 
asphalt  AC-5,  AC-10,  and  AC-20  exhibited  significantly  higher  deformation  than  the 
mixtures  modified  with  polymer  and  carbon  black. 

2)  Resilient  Modulus  Test 

The  resilient  modulus  tests  were  conducted  on  2.5  in.  diameter  and  4  in.  high 
specimens  in  the  indirect  tension  mode  at  the  various  temperatures  (0, 40,  70, 100,  and 
140°F).  Poisson's  ratio  was  assumed  to  be  0.35. 

The  analysis  of  the  test  results  show  that  adding  carbon  black  to  the  asphalt  reduces 
the  temperature  susceptibility  and  gives  mixtures  a  higher  resilient  modulus  at  high 
temperatures  without  affecting  the  modulus  values  at  low  temperatures. 

3)  Fatigue  Test 

Fatigue  response  of  the  mixtures  was  measured  on  diametral  specimens  in  the  indirect 
tension  mode.  The  controlled  stress  mode  of  loading  with  a  square  waveform  was 
used,  which  included  a  0.1  sec  loading  period  and  2.9  sec  unloading  period.  Stresses 
in  the  range  of  15  to  50  psi  were  used,  and  the  tests  were  conducted  at  70°F.  The  test 
results  show  that  mixtures  containing  AC-5  and  AC-10  have  relatively  shorter  fatigue 
lives  than  other  mixtures. 

Conclusions 

Modifying  asphalt  with  polymer  or  carbon  black  reduces  : 

a)  the  temperature  susceptibility  of  the  binders; 

b)  low-temperature  cracking  compared  to  conventional  asphalt; 

c)  the  permanent  deformation  of  the  paving  mixtures  at  high  temperatures  and 

thus  reduces  the  potential  for  rutting. 


Title  :  BEHAVIOR  OF  ASPHALT  MIXTURES  WITH  CARBON  BLACK 
REINFORCEMENT  (APT,  Vol.,  pp564-585,  1986) 

Authors  :  Zukang  Yao  and  Cart  L.  Monismith 

The  authors  tested  to  verify  the  effectiveness  of  carbon  black  in  improving  properties  of 
asphalt  concrete.  The  temperature-viscosity  susceptibility,  the  rutting  resistance  at  high 
temperature,  the  cracking  resistance  at  low  temperature  were  investigated  by  the 
inclusion  of  carbon  black  in  asphalt  mixtures.  The  experimental  works  included: 

(1)  Performance  of  uniaxial  creep  tests  at  high  temperatures  (55,  80, 110, 150°F). 

(2)  Conduct  of  flexural  fatigue  tests  on  beam  specimens. 
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(3)  Structural  analyses  of  representative  pavement  sections  to  assess  the  influence  of 
carbon  black  reinforcement  on  mixture  performance. 

(4)  Determination  of  the  tensile  strength  and  stiffness  of  asphalt  concrete  reinforced 
with  carbon  black  at  low  temperatures. 

Materials  Used 

1)  Aggregates 

Dense  graded  asphalt  concrete  with  two  types  of  aggregate,  granite  and  gravel,  were 
used  in  the  study.  The  gradation  of  the  aggregates  conforms  to  the  State  of  California 
specifications. 

2)  Asphalt  Cement 

AR-2000,  AR-4000,  and  AR-8000  were  used  in  this  study. 

3)  Carbon  Black 

The  pelletized  carbon  black,  Microfil  8,  was  blended  with  the  AR-2000,  in  four 
proportions  by  weight;  5:95,  10:90, 15:85,  and  20:80. 

Specimen  Preparation 

1)  Mix  Design 

Hveem  stabilometer  tests  were  performed  on  specimens  containing  the  AR-4000  and 
the  granite  aggregate  and  on  specimens  with  the  AR-8000  and  the  gravel  aggregate. 

2)  Creep  test 

Specimens  for  the  creep  test  about  4  in.  (101.1  mm)  in  diameter  and  9  in.  (228.6)  high, 
were  prepared  using  the  Triaxial  Institute  kneading  compactor. 

3)  Fatigue  test 

Beam  specimens  for  fatigue  tests  were  also  prepared  using  kneading  compaction  in 
mold  15  in.  (381  mm)long  and  with  a  cross  section  of  3.5  in.x4.5  in.  (88.9  mm  x  114.3 
mm). 

Test  Procedures  and  Results 

1)  Creep  Test 

The  unconfined  creep  test  was  performed  at  different  temperatures  (0,  30,  55,  80,  110, 

150°  F). 
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Test  results  show  that  at  low  temperatures  the  creep  characteristics  of  mixtures  with 
carbon  black  reinforced  AR-2000  were  the  same  as  the  creep  response  of  the  mixes 
with  AR-2000  asphalt  At  high  temperatures,  the  creep  characteristics  at  long  loading 
times  of  the  mixes  with  carbon  black  reinforced  AR-2000  asphalt  were  improved  over 
mixes  containing  the  AR-8000  asphalt  Generally,  creep  curves  for  specimens  with 
carbon  black  microfiller  exhibited  less  of  a  change  in  creep  modulus  with  time  than 
specimens  without  microfiller. 

2)  Fatigue 

Fatigue  response  of  asphalt  mixtures  with  microfiller  was  measured  in  bending  in  the 
controlled  stress  mode  of  loading.  Stress  in  the  range  30  to  50  psi  (206.7  to  1033.5 
Mpa)  were  utilized.  Load  was  applied  for  a  duration  of  0.1  second  and  repeated  100 
times  per  minute.  A  stiffness  modulus  for  each  beam  was  determined  from  the  center 
deflection  measured  after  200  repetitions  by  means  of  an  LVDT.  All  tests  were 
performed  at  a  constant  temperature  of  68°  F  (20°C). 

Test  results  showed  that  little  difference  exists  between  the  fatigue  response  of  asphalt 
concrete  with  and  without  carbon  black. 

3)  Indirect  Tension  Test 

Indirect  tensile  tests  were  performed  on  cylindrical  specimens  4  in.  in  diameter  and  2  to 
2.6  in.  height  to  determine  the  tensile  strength  of  asphalt  concrete  with  AR-2000,  AR- 
8000,  and  AR-2000  plus  20  percent  microfiller  at  three  low  temperature  conditions;  -20, 
0,  20°F.  Prior  to  testing,  each  specimen  was  kept  for  24  hours  in  a  cabinet  at  the 
specified  test  temperature.  Loads  to  failure  were  applied  at  a  rate  of  0.025  in.  per 
minute. 

Results  for  the  three  mixes  are  about  the  same  in  the  lower  temperature  range 
examined.  The  data  suggest  as  do  the  lower  temperature  stiffness  data,  that  mixes 
with  the  carbon-black  reinforced  asphalt  exhibit  approximately  the  same  low 
temperature  response  characteristics  as  do  the  specimens  containing  the  AR-2000 
without  microfiller.  Such  response  is  desirable  to  mitigate  low  temperature  cracking  due 
to  thermal  stresses. 

Summary  of  Study 

Test  results  reveal  that  15  to  20  %  Microfil  8  (carbon  black)  by  weight  of  the  binder 
reduce  the  effect  of  temperature. 

Creep  test  results  show  that  a  comparatively  soft  asphalt  may  be  used  to  mitigate  low 
temperature  cracking  yet  provide  improved  resistance  to  rutting  at  high  pavements 
temperatures. 

The  fatigue  resistance  and  fracture  strength  were  not  adversely  affected  by  the 

inclusion  of  carbon  black  microfiller. 
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Title  rCARBON  BLACK  REINFORCEMENT  OF  ASPHALT  IN  PAVING  MIXTURES 
(ASTM,  SPT.724,  1980) 

Authors  :  B.A.  Vallerga  and  P.  F.  Gridley 

This  paper  discussed  the  advantages  of  using  carbon  black  in  binder  and  asphalt 
concrete.  Dispersion  of  submicrometer-size  carbon  black  particles  in  asphalt  at 
contents  of  11  to  16  percent  by  weight  of  asphalt  has  been  found  to  improve  the 
asphalt  properties  of  durability,  wear  resistance,  and  temperature-viscosity 
susceptibility. 

Effects  of  the  carbon  black  addition  on  the  properties  of  asphalt  and  asphalt  concrete, 
as  measured  in  both  laboratory  and  field  experiments,  are  discussed. 

Function  of  Carbon  Black  Filler 

1)  Effect  on  Asphalt  Properties 

The  effects  of  the  carbon  black  filler  on  the  properties  of  a  given  asphalt  will  vary 
somewhat  depending  on  the  characteristics  of  the  asphalt  and  the  grade  and  dosage  of 
the  filler  pellets.  In  general,  the  filler  has  been  found  to  increase  asphalt  durability  and 
decrease  temperature-viscosity  susceptibility. 

2)  Temperature-Viscosity  Susceptibility 

The  test  result  of  21.2  percent  of  Microfil  25  by  weigh  of  asphalt  produced  the  following 
changes: 

(a)  At  low  temperature  (  0  to  39.2°  F)  -  reduces  the  viscosity  of  both  the  85  to  100  and 
150  to  200  penetration  grades.  Little  change  was  observed  in  300  to  400  grade. 

(b)  At  high  temperature  ( 95  to  140°  F)  -  increase  viscosity  a  full  order  of  magnitude. 
(10  fold) 

An  amount  of  21.2  percent  of  Microfil  8  to  the  300  to  400  penetration  asphalt  showed 
the  following  changes: 

(a)  At  low  temperature  -  essentially  no  change 

(b)  At  high  temperature  -  essentially  a  50  fold  increase  in  viscosity 

An  examination  of  these  data  reveals  that,  in  all  cases,  the  temperature-viscosity 
susceptibility  of  these  carbon  black-reinforced  grades  of  this  asphalt  is  markedly 
reduced. 

Effects  on  Asphalt  Concrete  Properties 

The  observation  of  the  field  and  laboratory  revealed  a  significant  increase  of  the 
strength  and  wear  resistance  by  the  use  of  carbon  black  in   asphalt  mixtures. 
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Additionally,  the  increase  of  low  temperature  cracking  resistance  and  high  temperature 
distortion  resistance  of  the  asphalt  mixture  have  been  found  to  be  produced  by  the 
inclusion  of  carbon  black. 

1)Strength 

An  asphalt  binder  reinforced  with  carbon  black  provides  greater  resistance  because  the 
carbon  black  particles  stiffen  the  asphalt  Test  results  obtained  on  specimens  tested  for 
strength  by  the  conventional  Hveem  Cohesionmeter  and  Marshall  load  tests  are 
generally  higher  with  the  carbon-reinforced  asphalt  The  strength  determined  by  the 
Marshall  load  test  has  been  increased  about  40  percent 

2)  Wear  Resistance 

Wear  resistance  effect  was  monitored  by  the  visual  observation  in  the  field.  The 
observation  data  revealed  that  there  was  significantly  less  wear  in  the  carbon  black 
section  than  in  the  conventional  section. 

3)  Resistance  to  Low  -Temperature  Cracking 

The  addition  of  carbon  black  filler  has  been  found  to  increase  the  stiffness  of  the 
asphalt  at  high  temperature  while  essentially  not  affecting  its  low-temperature  stiffness 
characteristics. 

4)  Resistance  to  High  Temperature  Distortions 

The  inclusion  of  carbon  black  in  asphalt  can  provide  a  more  appropriate  approach  for 
mitigation  of  rutting  and  early  embrittlement  of  the  pavement  The  use  of  soft  grade 
asphalt  (over  200  penetration)  to  accommodate  the  low-temperature  problem,  benefits 
from  carbon  black  filler  added  to  impart  greater  stiffness  to  the  binder  over  the  high- 
temperature  range  of  exposure. 

Conclusions 

1)  High  structure  HAF  type  carbon  black  has  a  beneficial  effect  on  the  durability,  wear 
resistance,  and  temperature-viscosity  susceptibility. 

2)  The  pelletized  carbon  black  serves  as  a  proper  dispersal  of  carbon  black  particle  in 
asphalt 

3)  The  asphalt  concrete  properties  can  be  adjusted  within  certain  limit  by  the  judicious 
selection  of  the  grade  and  amount  of  carbon  black  modifier. 
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Title  :  CARBON  BLACK  AS  A  REINFORCING  AGENT  FOR  ASPHALT(AAFT,  VOL 
46,  1977) 

Authors  :F.  S.  Rostler,  R.  M.  White,  and  E.  M.  Dannenberg 

The  main  intention  of  this  paper  is  to  familiarize  asphalt  technologists  with  the  unique 
properties  of  carbon  black  and  its  use  as  a  reinforcing  agent  for  asphalt  cements. 

Fundamental  differences  between  carbon  black  and  conventional  asphalt  were  well 
discussed.  The  author  emphasized  that  the  development  of  pelleted  carbon  black  is  an 
essential  procedure  in  order  to  disperse  the  carbon  black  properly  in  mix  design. 

Fundamental  Properties  of  Carbon  Black 

Carbon  blacks  are  manufactured  by  a  partial  combustion  process  using  the  most 
advanced  engineering  principles.  More  than  40  specification  grades  of  carbon  black  are 
manufactured  for  the  rubber ,  ink,  and  plastic  industries.  Many  commercially  available 
carbon  blacks  have  mean  particle  aggregate  diameters  in  the  range  of  100  to  500 
nanometers  and  surface  areas  of  15  to  over  100  m2/g.  The  two  basic  characteristics  by 
which  carbon  black  is  classified  are  surface  area  and  structure. 

(1)Carbon  Black  structure-measured  by  the  absorption  of  liquid(DIBUTYL  PHTHALATE) 
(2)  Surface  Area  -  determined  by  nitrogen  or  iodine  adsorption. 

Effect  of  Carbon  Black  on  Asphalt  Properties 

The  size  of  carbon  black  particles  and  the  fact  that  their  surface  are  hydrophobic,  i.e., 
preferentially  wet  by  hydrocarbon  type  fluids  such  as  asphalt,  makes  carbon  black, 
when  properly  dispersed,  a  part  of  the  asphalt  cement 

Laboratory  Tests 

The  laboratory  study  presented  the  development  of  a  pelletized  black  for  use  as 
reinforcing  filler  for  asphalt  cement  The  pelletized  carbon  black  is  necessary  to  handle 
loose  carbon  black  in  the  field  and  to  have  proper  dispersing  effects  in  the  asphalt  The 
authors  stated  that  loose,  fluffy  blacks  and  pelletized  blacks  for  rubber  are  suitable  for 
the  reinforcement  for  asphalt 

1)  The  preferred  microfiller  pellets  consist  of  two  components,  high  structure  reinforcing 
carbon  black  combined  with  an  asphalt-miscible  petroleum  oil.  The  optimum 
combination  will  depend  on  price-performance  considerations. 

2)  The  amount  of  carbon  black  required  to  accomplish  maximum  reinforcing  is  in  the 
range  of  11  - 15  percent  by  weight  of  the  mixture  consisting  of  asphalt  cement  fluxing 
oil,  and  carbon  black.  The  75  :  25  ratio  appears  to  be  good  compromise  for  practical 
applications. 
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The  test  results  show  that 

1)  The  viscosity  increases  from  the  addition  of  carbon  black,  and  the  viscosity 
decreases  from  the  addition  of  fluxing  oil.  It  follows  from  this  result  that  the  stiffening 
effect  of  the  carbon  black  addition  can  be  counteracted  by  the  use  of  a  particular  ratio 
of  fluxing  oil  to  carbon  black. 

2)  The  stiffening  effect  of  a  filler  on  asphalt  can  be  judged  from  the  viscosity  increase 
measured  with  a  Brookfield  Viscometer  at  140  F  for  a  20  percent  concentration  using 
samples  prepared  in  a  warring  mixer. 


Title  :  Additives  have  potential  to  improve  pavement  life  (Road  &  Bridges,  January, 
1988) 

Authors  :  Joe  W.  Button  and  Dallas  N.  Little 

Asphalt  concrete  mixtures  were  tested  to  determine' stability,  compatibility  and  water 
susceptibility;  as  well  as  stiffness  ,  tensile,  fatigue  and  creep/permanent  deformation 
properties  as  a  function  of  temperature.  Three  different  additives  plus  carbon  black 
were  blended  with  AC-5  and  AR-1000. 

Findings  from  the  study  clearly  show  that  certain  carefully  selected  and  properly  applied 
asphalt  additives  have  the  potential  to  provide  cost-effective  extensions  to  pavement 
service  life. 

Materials  Used 

1) Additives 

(1)  Latex  (Emulsified  styrene-butadiene-rubber) 

(2)  Block  copolumer  rubber  (Styrene-butadine-styrene) 

(3)  Ethylene-vinyl  acetate 

(4)  Finely  dispersed  polyethene 

(5)  Carbon  black  (Microfil  8) 

The  additives  were  blended  into  the  mixtures  using  methods  which  simulate  field 

conditions  as  closely  as  possible. 

2)Asphalt  Cements 

Asphalt  for  this  study  are  AC-5,  AC-10,  AC-20  ,  AR-1000.  AR-2000  and  AR-4000 

grades. 

3)Aggregate 

The  aggregate  used  in  the  mixture  tests  consisted  of  surrounded,  siliceous  river  gravel 

and  similar  sand  with  limestone  crusher  fines  added  to  improve  stability. 
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Tests  and  Results 

1)  Marshall  Method 

Marshall  method  was  used  to  determine  optimum  binder  content  with  emphasis  on 
uniform  air  void  content(density).  Optimum  binder  content  for  most  of  the  mixtures  was 
about  4.5  %.  Mixtures  containing  carbon  black  require  a  slightly  higher  binder  content 
(4.75  weight  percent). 

2)  Water  Susceptibility  Test 

The  modified,  accelerated  Lottman  moisture  treatment  procedure  was  used  on  mixtures 
containing  both  asphalt  It  appeared  that  generally,  the  additives  have  little  effect  on 
moisture  susceptibility  of  the  mixtures. 

3)  Fatigue  Cracking 

The  potential  of  asphalt  concrete  mixtures  to  crack  due  to  cyclic  fatigue  was  evaluated 
using  a  controlled  -stress  flexural  fatigue  test  Beams  3  x  3x  15  in.  were  prepared  using 
the  Cox  kneading  compactor. 

Each  additive/AC-5  blend  produced  a  mixture  which  has  statistically  superior  fatigue 
properties  compared  to  the  control  mixture  using  AC-20  asphalt  as  the  binder.  The 
general  trend  was  substantially  more  flexible  response  for  AC- 5  blends  containing  EVA, 
SBS(Kraton)  and  SBR(latex). 

4)  Deformation  Test 

Asphalt  concrete  cylinders  8  in.  high  and  4  in.  in  diameter  were  fabricated  using  the 
standard  California  kneading  compactor  for  the  direct  compression  testing  program.  Tests 
on  two  specimens  each  at  temperatures  of  40,  70,  and  100°F  were  performed.  The  results 
of  creep  compliance  testing  at  40°F  and  100°F  for  mixtures  bound  with  blends  of  Texas 
Coastal  AC-5  with  additives  and  AC-20  control  mixture  showed  polyethylene  in  AC-5 
exhibited  compliance  characteristics  which  were  statistically  the  same  as  the  AC-20  control 

5)  Indirect  Tension  Test 

Test  results  showed  that  at  the  lower  temperatures  and  higher  loading  rates,  the  additives 
increased  mixture  tensile  strength  over  that  of  the  control  mixtures.  Strain  (deformation)  at 
failure  was  generally  increased  by  the  additives.  At  the  higher  temperatures  and  lower  rates, 
the  additives  did  not  appreciably  affect  the  mixture  tensile  properties. 

Conclusions 

Each  additive  proved  to  be  successful  to  some  degree  in  improving  properties  on  at  least 
one  end  of  the  performance  spectrum,  however,  no  additives  were  a  cure-all.  There  is  a 
need,  therefore,  to  develop  an  additive  selection  procedure  based  on  conditions  of  traffic, 
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pavement  structure  and  climate.  The  author  pointed  that  a  different  source  of  asphalt  might 
show  a  different  behavior  when  it  was  blended  with  additives. 

Summary  of  Field  Studies 


Title  :  FIELD  EVALUATION  OF  AN  EXPERIMENTAL  BITUMINOUS  PAVEMENT 
UTILIZING  AN  ASPHALT  ADDITIVE-CARBON  BLACK,  FINAL  REPORT  (Connecticut 
DOT,  1991) 

Author :  Eric.  C.  Lohrey  • 

The  carbon  black  section  and  an  adjacent  control  section  were  surveyed  over  5  years.  This 
report  shows  that  results  of  these  tests  and  compares  the  performance  of  the  carbon  black 
pavement  to  that  of  the  control.  A  general  conclusion  is  that  the  carbon  black  was 
marginally  effective  in  reducing  cold  weather  cracking.  Its  use  to  resist  hot  weather 
deformation  is  questionable. 

Carbon  Black  Used 

Microfil  8,  a  special  proprietary  grade  of  carbon  black,  is  a  pelletized  carbonaceous  material 
designed  to  reinforce  and  stabilize  the  asphalt  binder  in  a  bituminous  concrete  mixture. 

Description  of  Test  and  Pavement  Mixture  and  Costs 

The  site  selected  for  the  experiment  is  a  1800  ft  section  of  Connecticut  Route  3  in  the  Town 
of  Rocky  Hill.  The  average  daily  traffic  (ADT)  for  the  entire  section  years  prior  to  and  after 
the  installation  was  as  follows:  1979  -  4900  vehicles  per  day  (vpd),  1985  -  7300  vpd;  1987  - 
7600  vpd,  and  1 989  -  8000  vdp.  The  percentage  of  trucks  has  held  constant  at  five  thought 
the  period. 

The  Microfil  8  was  added  to  the  mix  at  a  rate  of  50-lb  per  3-ton  batch.  This  produced  a 
carbon  black  concentration  of  approximately  15  percent  by  weight  of  the  liquid  asphalt 
binder  (AC-20). 

Cost  of  carbon  black  mixture  inplace  is  $54/ton,  whereas  the  cost  for  conventional  class  1 
inplace  is  $36.72/ton.  This  represents  a  47  percent  increase  in  cost  for  the  carbon  black 
pavement  overlay.  The  cost  increase  could  be  reduced  with  a  more  efficient  method  of 
adding  the  carbon  black  to  the  mix  at  the  plant,  and  a  better  shipping  rate. 

Tests  and  Results 

Pavement  distress  surveys,  rutting  measurements,  deflection  measurement,  and  friction 
tests  were  performed  in  order  to  compare  the  carbon  black  section  to  the  control  section. 
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1)  Pavement  distress  surveys 

Visual  surveys  were  performed  for  three  years.  Transverse  and  longitudinal  pavement 
cracking  is  the  only  form  of  distress  that  has  developed  at  the  site  to  date.  It  can  be 
concluded  that  the  carbon  black  contributed  to  reducing  cracking. 

2)  Rutting  Measurements 

The  tests  results  were  inconclusive.  None  of  the  surface  profile  plots  revealed  any  rutting  at 
all.  In  addition,  no  rutting  was  observed  anywhere  in  either  section  during  the  distress 
surveys.  The  lack  of  rutting  at  the  site  may  be  due  to  the  low  volume  of  truck  traffic, 
because  rutting  ,  in  general,  is  not  a  serious  problem  in  Connecticut 

3)  Deflection  Measurements 

The  Benkelman  beam  deflection  measurements  were  performed.  The  results  showed  that 
carbon  black  section  had  little  effect  on  the  deflection  measurements.  Generally,  the 
demonstration  section  had  no  excessive  deflections . 

4)  Pavement  Friction  Tests 

The  tests  were  performed  at,  or  dose  to  the  standard  speed  of  40  mph.  Five  year 
evaluation  result  show  that  the  overall  average  of  skid  number  for  the  carbon  black  section 
was  recorded  as  41.7  and  control  section  was  42.5.  From  this  data,  the  carbon  black  had 
no  effect  on  the  pavement  skid  resistance. 

Conclusions 

As  stated,  the  rutting  and  deflection  test  results  showed  no  difference.  However  cold- 
weather  cracking  of  the  pavement  has  slowed. 

The  increased  cost  of  47  percent  for  the  carbon  black  overlay  is  quite  high.  In  order  to  the 
use  of  carbon  black  be  economical,  the  life  of  pavement  would  have  be  substantially 
increased.  At  this  time,  certain  pavement  section,  prone  to  cracking  where  a  heavily  traveled 
intersection  tend  to  premature  pavement  failure,  may  have  their  service  lives  extended  by 
use  of  carbon  black,  but  widespread  use  of  the  carbon  black  would  not  be  economical. 


Title  :  EVALUATION  OF  CARBON  BLACK  EXPERIMENTAL  CONSTRUCTION  84-02 
(MAINE  DOT,  1990) 

Author :  Warren  T.  Foster 

This  report  discusses  the  relative  performance  of  a  bituminous  pavement,  containing  the 
additive  carbon  black,  after  70  months  of  service. 
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Descriptions  of  pavement  sites 

Carbon  black  was  incorporated  into  the  bituminous  pavement  on  a  section  of  project  282- 
0(008)  on  Route  178  in  Miiford,  Maine  in  September  1984.  The  average  daily  traffic  for  this 
section  of  Route  178  is  approximately  2500  vehicles  with  a  significant  number  of  heavfly 
loaded  forest  product  trucks. 

Mix  Design 

The  asphalt  pavement  having  the  additive  carbon  black  was  used  for  a  1-1/4  in.  wearing 
surface  that  was  placed  on  1-3/4  in.  of  binder  "Grading  B".  The  grading  B  was  MDGTs 
standard  mix  and  did  not  contain  carbon  black.  An  AC-10  asphalt  was  used  in  ail  the  mixes. 

Evaluation 

This  project  was  visually  evaluated  annually.  The  pavement  began  to  exhibit  signs  of 
deterioration  with  time.  The  study  section  of  Route  178  has  definitely  deteriorated  over  the 
70  month  evaluation  period  and  currently  is  considered  in  fair  condition.  However,  the 
relative  performance  between  section  with  carbon  black  pavement  and  without  carbon  black 
shows  no  differences.  Therefore,  the  addition  of  carbon  black  did  not  result  in  superior 
pavement  performance  in  this  particular  application. 


APPENDIX  B 
Bulk  Specific  Gravity  of  Marshall  Specimens 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  :  :  Ac  [o  L^cf*  pc8)  Compaction  Method  75  blows  per  side 

Date  Tested:    &/q   /  o^  Tested  by  :  TAESOON  PARK 


Sample  I.D. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A  Dry  Wt.  in  Air  (g) 

ia.U-1 

HV-l 

MIS 

/244-.S 

llVl.C 

B.SSDWtfe) 

|2-TC^ 

ia.ta.fe 

12XL1 

/^•4- 

WW 

C.Wt.  in  Water  (g) 

03-9.3 

n^i.f 

MLo 

OM.t; 

nun 

D.  Volume  (cm3)  B  -C 

w,.* 

^P.q 

UW 

(a*.? 

51V  t. 

E.Bulk  S.G  A/D 

2-}4l 

2-3 1 4 

2-W 

i30l 

2-^2. 

Sample  LD. 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

[IW 

I24J..S1 

I241.I 

(2-M-2-./ 

|X^2.0 

B.SSDWt(g) 

/lto.4 

|i^.? 

1X^.3 

|a*3.fr 

|aW.a. 

C.Wt.  in  Water  (g) 

HW.9 

Q^o.U- 

TCZ-O 

ma..* 

n#-* 

D.Volume  (cm3)  B  -C 

feAuJr 

£%.*r 

^2.0.3 

^.0 

5U.T 

E.Bulk  S.G  A/D 

2-364 

2-m 

2-35*] 

2-W 

a.MI 

Sample  LD. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

|24.»?.* 

la^l.o 

inrn.5 

/2U> 

i*rw 

B.SSDWtfe) 

J2WT.9 

/2W-I 

lifci.a- 

l^J 

!ito.<7 

C.Wt.  in  Water  (g) 

nw.tr 

H^?.C7 

r?V?> 

QV?.P 

Qtt.fr 

D.Volume  (cmJ)  B  -C 

taa.21 

£xo.l 

«n«?.o 

£il.O 

<7/0.o 

E.Bulk  S.G  A/D 

2-2*1 

2.4*5- 

2-W 

2.4f% 

24^ 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  : :  A  C  -  2.0  Compaction  Method  75  blows  per  side 

Date  Tested  :  %/(r)  /q^  Tested  by :  TAESOON  PARK 


Sample  I.D. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.  Dry  Wt.  in  Air  (g) 

(212..  9 

(22£.  2. 

(232.  .<f> 

I2ai>.  £ 

12.^.?     j 

B.SSDWt.  (g) 

(23fe.3 

|24e>.8 

124£.  9 

U34.£ 

(24$. 3 

C.Wt.  in  Water  (g) 

923.tr 

9«.$ 

W.I 

92.4.9 

^O1? 

D.  Volume  (cm3)  B  -C 

Sn.s- 

Stn.o 

9\* .  fe 

rn.? 

S"(4.^ 

E.BulkS.GA/D 

2  3*4 

2-3U 

2.399 

2.4-/ 

2.4-/ 

Sample 'LD. 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  On.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.Dry  Wt.  in  Air  (g) 

12}*. 4 

/2»9.& 

(234. 9 

/2M.9 

/2+  3.  2. 

B.SSDWt.  (g) 

(244.9 

/l4^.f? 

/23£.  £ 

/  241.9 

U49.P 

C.Wt.  in  Water  (g) 

r/zr.  * 

Q*(.  4 

9s4>.9 

93i.  0 

Hit.  4 

D.  Volume  (cm3)  B  -C 

5-i4.( 

5"le.3 

$■//.<? 

5"/o.9 

<ne>.  4 

E.BulkS.GA/D 

i-4^ 

2.4-^fir 

2.4/2- 

2.429 

2.43* 

Sample  I.D. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4          ! 

Thickness  (in.) 

ADryWLinAir(g) 

12V?.  1 

H3<?.<? 

li-44. 1 

<2£/.t? 

*2*2.3 

B.SSDWt.  (g) 

I2.42.& 

/143-4 

(24*  * 

llW-2- 

(2*"f.  9 

C.Wt.  in  Water  (g) 

0*4-2 

0*/.  9 

93?.  / 

Od.J 

959.9 

D.Volume  (cm3)  B  -C 

&S.L 

<rK.r 

fro.  i, 

r(2.«? 

$-<4.  2 

E.Bulk  S.G  A/D 

2..4-H 

2.424 

2-443 

2.43f 

i-<B3 

BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 
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Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  : :  Ac  2jd  C  to%  c&  }     Compaction  Method  75  blows  per  side 

Date  Tested  :    9  /  { ^  /  <?4  Tested  by :  TAESOON  PARK 


Sample  LD. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.  Dry  Wt.  in  Air  (g) 

IliH.P 

l^M 

lltt.i. 

12V}  .4 

l**M 

B.SSD  Wt(g) 

I24l.n 

i*».? 

|4ft>.} 

124*.  t 

(24fc? 

C.Wt.  in  Water  (g) 

r?24.* 

nu.n 

r]2<j.C 

q^o.2. 

72S.I 

D.  Volume  (cm3)  B  -C 

m/? 

fcx>s 

t^o.* 

ns\^ 

K« 

E3ulkS.GA/D 

ZWl 

i-^nfc 

240, 

i.^n 

2.*ltf 

Sample  ID. 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

I24S4 

1141.0 

I244.C 

wi.i? 

12-40.9 

B.SSD  Wt.  (g) 

ia£l.2 

I24^r.t 

lo4f.tr 

1 44^.0 

ia44.S- 

C.Wt.  in  Water  (g) 

nut 

w.a. 

•ttt.0. 

f?ii7.2- 

m?.t 

D.Volume  (cm3)  B  -C 

snfc 

TO?,  if 

•nvi 

wr.* 

ttix 

E.Bulk  S.G  A/D 

*4w 

2-44-1 

2-<W 

*w 

2.4*4 

Sample  LD. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

lltD.lT 

124^.3 

(I?*.? 

|ltf>.* 

l*4H 

B.SSD  Wt.(g) 

UN-.4 

/>*D.fr 

c^A 

i^.n 

1^2.? 

C.Wt.  in  Water  (g) 

H4o.4 

nv-.4 

nv*.& 

Q4/.( 

Q4I.H 

D  Volume  (cm3)  B  -C 

*tt.fr 

t7P.4 

sra.n 

STA-.& 

tK.i. 

E.Bulk  S.G  A/D 

2,4?4 

2.40k 

24H 

2.44o 

2.444 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INPOT  Division  of  Research  Material  Lab. 

Mixture  Type  :  :  f\C2,0  O^'jo  C%)   Compaction  Method  75  blows  per  side 

Date  Tested:    (57.2.4.  /04.  Tested  by :  TAESOON  PARK 


Sample  I.D. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  fm.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A  Dry  Wt.  in  Air  (g) 

IUW 

w,} 

IliV.T 

|23<?.4 

l**U 

B.SSDWt.(g) 

MV9 

P-W.fc 

1X40-4 

ii4.r* 

1249-4 

C.Wt.  in  Water  (g) 

njiA 

•niA 

n*?.& 

fH^9 

rm.2. 

D.  Volume  (cm3)  B  -C 

feu.  s 

SMA 

Tin.* 

SI  9-9 

7l4<f- 

E.Bulk  S  G  A/D 

i-^tt 

2."*4t 

2.V?} 

2,4*3 

24*4 

Sample  LD. 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

/  24-2.1 

ixu.s 

i^tr.i 

1-xU.f 

U4*.4 

B.SSDWt.(g) 

f2«.2- 

Z242.fr 

f24/.T 

114/. ( 

urc.i 

C.Wt.  in  Water  (g) 

0*43 

n*©.* 

9*0.2. 

Hi4.^ 

141.5" 

D.  Volume  (cm3)  B  -C 

to.* 

fcn.o 

SUA 

91t.? 

W.t 

E.BulkS.GA/D 

2-y>4 

2*4(fc 

2410 

2*?} 

2-4*1 

Sample  LD. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

1244,1 

1244.1 

125?.  3 

125^.2. 

1*51/1 

B.SSDWt.  (g) 

lift.* 

f24£.n 

1x41.4 

(2^.T 

[2*a 

C.Wt.  in  Water  (g) 

^V.2- 

nvi.* 

r?44.x, 

H42.| 

14?-* 

D.  Volume  (cm3)  B  -C 

517.3 

51«>.fr 

Tn.x. 

tiq. 4 

£rl2-J 

E.Bulk  S.G  A/D 

24*1 

2,434 

2,-B? 

2.4-2* 

244.1 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  :  :  Ac  20  L  lo'fa  £-8  )   Compaction  Method  75  blows  per  side 

Date  Tested  :    $/[<{  /<\a.  Tested  by  :  TAESOON PARK 


Sample  LD. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.  Dry  Wt.  in  Air  (g) 

U30.3 

(MJ7.S 

1 2-34-0 

1141.2. 

[X29/3 

B.SSDWt.(g) 

I2J&D.S 

P*U 

I**!.* 

UTfe.4 

att.t 

C.Wt.  in  Water  (g) 

131.2. 

031.  o 

nis.o 

H33-I 

134.*? 

D.  Volume  (cm3)  B  -C 

£{<?.& 

W.a- 

*■*.*.£ 

fc^* 

5*f.H 

E3ulkS.GA/D 

2M& 

1.^1 

2..^^ 

2.MI 

2.3*?t 

Sample  ID. 

4-3 

4.5-1 

4.5  -  2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADryWt.inAir(g) 

(24e.a. 

1242-4 

UV?-I 

I24?.  4 

/24V.  3 

B.SSDWt.(g) 

I**** 

/2-<y|.4 

\lAbA 

t^T.n 

I2S3.?> 

C.Wt.  in  Water  (g) 

W.0 

0*3.1. 

o^.t 

73?.? 

nv?.? 

D.Volume  (cmJ)  B  -C 

fclO.a- 

5U.2. 

5lfr.fr 

&M 

<ns.4- 

E.BulkS.GA/D 

-2-3S*/- 

*■#» 

*4tt 

241  tr 

2. -422 

Sample  LD. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

/2-5-0.3 

(243.^ 

(241.4- 

|2T/.t 

|24#>- 

B.SSDWt.(g) 

l*SU 

|24?.e 

Ia*3j»- 

(2^.0 

/^2.<? 

C.Wt.  in  Water  (g) 

Q32.3 

nw.S 

934.^- 

W.4 

w-n 

D.Volume  (cm3)  B  -C 

r24.11 

5-0?. tr 

rrt.* 

£7*.4 

$14.2. 

E.BulkS.GA/D 

2-hU 

2-U4t 

2.4/4 

2..  42} 

2.420 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  : :  AC 2c  C7%Pc-8  )     Compaction  Method  75  blows  per  side 

Date  Tested:    4-/io /<J4-  Tested  by  :  TAESOON  PARK 


Sample  LD: 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A  Dry  Wt;  in  Air  (g) 

122^.9 

IW.U- 

[V&3 

12/H.tr 

IW<U 

B.SSDWt.(g) 

lUtffl 

1240.% 

\V&X 

ii4%.{. 

(14-<U 

CWt.  in  Water  (g) 

Qtf.O 

M.2. 

W,s\ 

Oil- 4 

n?is 

D.  Volume  (cm3)  B  -C 

flfc.<? 

Ht.fe 

sin* 

m.i 

tt4,n 

E3ulk  S.G  A/D 

2.3^ 

23%n 

2-VH 

i.4co 

i3?ft 

Sample  ID. 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

MLl. 

U4c.<t 

Jlii-O- 

UW.2. 

W.% 

B.SSDWt.(g) 

11413 

I20.C.I 

I2l4.* 

lilfM 

IHW.M- 

CWt.  in  Water  (g) 

»8»4 

o^.l 

WO,* 

0Jl.fr 

wm 

D. Volume  (cm3)  B  -C 

to.1 

feic-.f 

fr»,» 

T13.3 

tt|.«I 

E.Bulk  S.G  A/D. 

l.lfco 

24*S 

24*3 

2.JH* 

2..«f>5 

Sample  I.D. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4 

Thickness  (in.)    : 

ADry  Wt.  in  Air  (g) 

imO 

I2U4>.Z 

(l£t?.0 

llltf>3 

|2$f.0 

B.SSD  Wt.  (g) 

\m.<\ 

\-mir.\ir 

lltt.l 

fatf.* 

12*3.1 

CWt:  in  Water  (g)    - 

tm.i 

nvn. 

041  .fc 

94^.0 

Q4o.p 

D. Volume  (cm3)  B-C 

to? 

f/i.ft 

W^ 

cil-0- 

«.n 

E.Bulk  S.G  A/D 

2.«r^ 

z4J-fc 

2<UW 

2-.H4* 

i4*r 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  :  :  dCW  C  (o'/o  p^B  )     Compaction  Method  75  blows  per  side 

Date  Tested  :   4/i^  /<j  4.  Tested  by  :  TAESOON  PARK 


Sample  I.D. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.  Dry  Wt.  in  Air  (g) 

\i\oX 

(1^2-2 

u^4."2- 

imn 

12^5 

B.SSDWt.  (g) 

iltoX 

UJTl.?> 

/ItM 

|XW 

U4%.l 

C.Wt.  in  Water  (g) 

fj2<k.n 

r?*t>.3 

n,2.?.<? 

nv>.o 

run.? 

D.  Volume  (cm3)  B  -C 

W.fc 

52J.O 

&XI.L 

foP.c? 

to* 

£.Bulk  S.G  A/D 

i.w 

«« 

13  m 

1.^0 

z.w 

Sample  ID. 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

(24V  4- 

I3.44.t7 

I2WI.U- 

(24Q.* 

iz^.n 

B.SSD  Wt.  (g) 

lltt.l 

1141.? 

tun  .y 

(2#W 

IX5W 

C.Wt.  in  Water  (g) 

miA 

Hi*.* 

Qii.« 

Hi4S 

n^fe.4 

D.  Volume  (cm3)  B  -C 

<r&.% 

MA 

51?.? 

W9.3 

#?.n 

E.Bulk  S.G  A/D 

i.*ofe 

l-Wi 

2-W 

2.4^2. 

2.^9 

Sample  I.D. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.Dry  Wt  in  Air  (g) 

I3-5I.J 

114%.? 

lv£%.B 

(24f.Q 

W2* 

B.SSDWt.  (g) 

Utt.S 

UO.* 

llti.2. 

lift.  3 

i*$U 

C.Wt.  in  Water  (g) 

13*.*% 

O^.U- 

0<«-4 

ftf.S 

14*  r 

DVolume  (cm3)  B  -C 

£»n.t 

&K.4 

tic? 

SI4-.0 

57  <M 

E.Bulk  S.G  A/D 

2..<HS 

24*4 

2-4/0 

2431 

ZM\ 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  :  :  (\CW  C I 57«»  P^B  )    Compaction  Method  75  blows  per  side 

Date  Tested  :  4./±y  /  <j  4.  Tested  by  :  TAESOON  PARK 


Sample  ID. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.  Dry  Wt.  in  Air  (g) 

I21<?  % 

i*u-n 

ii*n.<? 

/ivi.*- 

(*??.& 

B.SSDWt.(g) 

(24-<?.& 

Z25-2.9 

UW* 

awi 

li-^S 

C.Wt.  in  Water  (g) 

fp,o?> 

Qtt£ 

<?».<* 

Otf.1 

w.k 

D.  Volume  (cm3)  B  -C 

Wl.fr 

to?.o 

924.P 

•jtf.l, 

ft^.*. 

E.BulkS.GA/D 

i-^n 

2.^n 

l.U-L 

2-W 

i-^? 

Sample  IJ). 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.Dry  Wt.  in  Air  (g) 

/244.T 

H44. 1 

12.4*.* 

(iCW-.t 

Wo.i 

B.SSD  Wt.  (g) 

/2trfc.2. 

llttM- 

IJ^U. 

1^1.  t 

p.tf.1 

C.Wt.  in  Water  (g) 

nw 

0*1* 

nu.3, 

nusr 

rm.n 

D.Volume  (cm3)  B  -C 

T23..I 

t2l.fc 

$2}~J 

w-t 

*22,fc 

E.BulkS.GA/D 

14W 

2-»l 

■lWz. 

2-W8- 

23?^ 

Sample  I.D. 

5-2 

5-3 

5.5-1 

5.5-2 

5.5-3 

Diameter 

4 

4 

4 

4 

4 

Thickness  (in.) 

ADry  Wt.  in  Air  (g) 

1*4X4 

1^.0 

/^■l.c? 

imk$ 

1^.1 

B.SSD  Wt.  (g) 

\iKb.o 

/^n-o 

IIW-.S 

itf?:  % 

I2W.H 

C.Wt.  in  Water  (g) 

■pttJL 

me? 

0*0.*. 

ntf.t 

0V).S 

D.Volume  (cm3)  B  -C 

h\8 

yn-n 

tt<U 

^.0 

S2J.2. 

E.BulkS.GA/D 

WK 

2.1A/0 

2-^n 

2.4*? 

2..^ 
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BULK  SPECIFIC  GRAVITY 

OF 

BITUMINOUS  MIXTURES  USING 

SATURATED  SURFACE-DRY  SPECIMENS 

(ASTM  D2726) 


Laboratory  :  INDOT  Division  of  Research  Material  Lab. 

Mixture  Type  :  :  f\c  lo  C^-O'/o  pCft  )  Compaction  Method  75  blows  per  side 

Date  Tested  :    q-/£  /  ^4.  Tested  by  :  TAESOON  PARK 


Sample  I.D. 

3.5-1 

3.5-2 

3.5-3 

4-1 

4-2 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.  Dry  Wt.  in  Air  (g) 

(2.^.0 

!2}?.<? 

IWl 

12-41.3 

(2.4-L.^ 

B.SSD  Wt.  (g) 

Htt.4 

\±bo.k 

Mfl.4 

flti.1 

(*&.  k 

C.Wt.  in  Water  (g) 

q^.? 

OM.f 

03,0.2- 

n^.n 

Qw.n 

D.  Volume  (cm3)  B  -C 

s&.y 

&b.b 

&n> 

«.* 

r^i-9 

E.Bulk  S.G  A/D 

i^ 

z-hw- 

2-><Mf 

*W 

2.5>93 

Sample  I.D. 

4-3 

4.5-1 

4.5-2 

4.5-3 

5-1 

Diameter  (in.) 

4 

4 

4 

4 

4 

Thickness  (in.) 

A.Dry  Wt.  in  Air  (g) 

[l^J- 

I14*i* 

(24&.I 

H&X 

latt.M- 

B.SSD  Wt.  (g) 

1160/? 

l^.fc 

W74 

W.l 

125%  3 

C.Wt.  in  Water  (g) 

rpM 

■fcl.9 

w.i 

n*M 

0*U 

D.  Volume  (cm3)  B  -C 

51T.0 

*l«f.fe 

£**.? 

£4>.2- 

pi».n 

E.Bulk  S.G  A/D 

2392. 

i^fc. 

*3tf. 

2..^?>P 

*m* 

Sample  I.D. 


5-2 


5-3 


5.5-1 


5.5-2 


5.5-3 


Diameter 


Thickness  (in.) 


ADry  Wt  in  Air  (g) 


12^.0 


Pflj 


i^W.fc 


pj&o 


aga 


B.SSD  Wt.  (g) 


2^3 


U&J 


I1M& 


(^U 


£&3 


C.Wt.  in  Water  (g) 


JUL 


_DiLo_ 


H44-( 


Q4AJ 


33fc3 


P. Volume  (cnr)  B  -C 


_£4j 


jay. 


jail 


S&j 


£H£ 


E.Bulk  S.G  A/D 


ii££ 


2. -4-0 


24^ 


24^ 


*4°? 


APPENDIX  C 
Maximum  Theoretical  Specific  Gravity  of  Marshall  Specimens 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  Run  Date  :  Jun.  1 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

3.5-1 

3.5-2 

3.5-3 

l.Wt  of  Sampled) 

1220.7 

1221.6 

1229.4 

2.WiofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3-Wt;  of  #l+#2 

8711.7 

8712.6 

8720.4 

4.  Wt  of  Sample 
after  Evaluation 

8248.3 

8248.8 

8720.4 

5,{#3-#4) 

463.4 

463.8 

467.9 

mmm  =s:g 

2.634 

2.633 

2.627 

Standard  Deviation  = 
Range = 


Average  =  2.63  lx  62.43  =  164.25  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  Run  Date  :  Jun.  1 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID 

4-1 

4-2 

4-3 

LWt.  of  Sample- (g) 

1233.6 

1231.4 

1230.3 

2.Wt.ofPyc.-i-  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of #l+#2 

8724.6 

8722.4 

8721.3 

4.Wt.  of  Sample 
after  Evaluation 

8250.8 

8249.5 

8247.2 

5. (#3  .#4) 

473.8 

472.9 

474.1 

6.#1/#5=S.G 

2.604 

2.604 

2.595 

Standard  Deviation  = 
Range  = 


Average  =  2.601x  62.43  =  162.38  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  Run  Date  :  Jun.  1 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5-3 

1  .Wt.  of  Sample  (g) 

1244.1 

1245.2 

1238.9 

2.Wt.ofPyc-S- Water 

7491.0 

7491.0 

7491.0 

3;Wt.  of  #l+#2 

8731.1 

8736.2 

8729.9 

4"Wt.  of  Sample 
after  Evaluation 

8252.6 

8255.9 

8251.4 

5.{#3-#4) 

478.5 

480.3 

477.8 

6J1/#5=S,G 

2.594 

2.593 

2.593 

Standard  Deviation  = 
Range = 


Average  =  2.593x  62.43  =  161.88  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  Run  Date  :  Jun.  1,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5-1 

5-2 

5-3 

LWt.  of  Sample  (g> 

1240.1 

1240.1 

1236.6 

2.Wi.ofPyc.-i~  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of#l+#2 

8731.1 

8249.0 

8727.6 

4  Wt.  of  Sample 
after  Evaluation 

8247.6 

8249.0 

8247.3.8 

5{£3_#4) 

483.5 

482.1 

480.3 

6.#l/#5=SXr 

2.565 

2.572 

2.575 

Standard  Deviation  = 
Range  = 


Average  =  2.571x  62.43  =  160.51  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  Run  Date  :  Jun.  1 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5-3 

LWt.  of  Sample  (g) 

1244.1 

1245.2 

1238.9 

2.Wi.ofPyc.4- Water 

7491.0 

7491.0 

7491.0 

3.Wtof#H-#2 

8731.1 

8736.2 

8729.9 

4. Wt  of  Sample 
after  Evaluation 

8252.6 

8255.9 

8251.4 

5. (#3- #4) 

478.5 

480.3 

477.8 

6#l/#5-=S.G 

2.594 

2.593 

2.593 

Standard  Deviation  = 
Range = 


Average  =  2.593x  62.43  =  161.88  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  Run  Date  :  Jun.  1 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID.  . 

5-1 

5-2 

5-3 

.LWt  of  Sample  <g) 

1240.1 

1240.1 

1236.6 

2.Wt.  of  Pyc.4-  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of#l+#2 

8731.1 

8249.0 

8727.6 

4.  Wt.  of  Sample 
after  Evaluation 

8247.6 

8249.0 

8247.3.8 

S.(#3  -#4) 

483.5 

482.1 

480.3 

6.#1/#5=S.G 

2.565 

2.572 

2.575 

Standard  Deviation  = 
Range = 


Average  =  2.571x  62.43  =  160.51  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  Run  Date  :  Jun.  1 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5.5-1 

5.5-2 

5.5-3 

I.  Wt.  of  Sample  (g) 

1233.1 

1252.1 

1253.1 

2.Wi.ofPyc.+Water 

7491.0 

7491.0 

7491.0 

•3.Wt  of#l+#2: 

8724.1 

8743.1 

8744.1 

4.Wt  of  Sample 
after  Evaluation 

8240.1 

8251.7 

8252.4 

5.(#3  -  #4) 

484.0 

491.4 

491.7 

6.#l/#5  =S.G 

2.548 

2.548 

2.549 

Standard  Deviation  = 
Range = 


Average  =  2.548x  62.43  =  159.07  bs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID; 

l.Wt.  of  Sample  <g) 

2.Wt  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3;Wt.of#l+#2 

4.  Wt.  of  Sample 
after  Evaluation 

5,(#3-#4) 

6.#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average  = 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  (5%  CB)  Run  Date  :  Jun.  15,  1994 

Tested  by :  TAESOONPARK 


P YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

3.5-1 

3.5-2 

3.5-3 

I.Wt.  of  Sample 

1225.8 

1223.4 

1217.7 

2.Wt.  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2 

8716.8 

8714.4 

8708.7 

4.W1  of  Sample 
after  Evaluation 

8252.5 

8251.4 

8247.8 

.5.<#3-#4) 

464.3 

463 

460.9 

6#l/#5  =S  G 

2.64 

2.642 

2.642 

Standard  Deviation  = 
Range = 


Average  =  2.641x  62.43  =  164.88  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  (5%  CB)  Run  Date  :  Jun,  15,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


SpecimenLDc: 

4-1 

4-2 

4-3 

l.Wt.  of  Sample 

1240.5 

1232.2 

1235.4 

2.Wt.  of  Pyc.-t- Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#l+#2 

8731.5 

8723.2 

8726.4 

4.Wt.  of  Sample 
after  Evaluation 

8257.5 

8252.8 

8253.6 

5.{#3  -  #4)  . 

474.0 

470.4 

472.8 

6.#1/#5=S.G»- 

2.617 

2.619 

2.613 

Standard  Deviation  = 
Range  = 


Average  =  2.616x  62.43  =  163.33  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-1 0  (5%  CB)  Run  Date  :  Jun.  1 5,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5  -  3 

LWi.  of  Sample 

1237.2 

1228.3 

1232.9 

2.Wt.ofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3-Wt  of#l-HSS2 

8728.2 

8719.3 

8723.9 

4.W1  of  Sample 
after  Evaluation 

8252.2 

8247.3 

8253.8 

5.<#3-#4) 

476.0 

472.0 

470.1 

6Jl/#5  =S.G 

2.599 

2.602 

2.623 

Standard  Deviation  = 
Range = 


Average  =  2.608x  62.43  =  162.82  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  (5%  CB)  Run  Date  :  Jun.  1 5,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.  D. 

•5-1 

5-2 

5-3 

l.Wt.  of  Sample 

1243.2 

1239.2 

1240.6 

■ZWtofPyc.-*- Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of#H#2  : 

8734.2 

8730.2 

8731.6 

4  Wt  of  Sample 
after  Evaluation 

8252.7 

8250.4 

8251.3 

5,{#3.#4) 

481.5 

479.8 

480.3 

6.#1/#5=S.G  : 

2.582 

2.583 

2.583 

Standard  Deviation  = 
Range  = 


Average  =  2.583x  62.43  =  161.26  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10(5%  CB)  Run  Date  :  Jun.  15,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

5.5-1 

5.5-2 

5.5-3 

l.Wt.  of  Sample 

1240.5 

1248.0 

1243.5 

2.Wt  of  Pyc.*  Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #!+#2 

8731.5 

8739.0 

8734.5 

4.Wt.  of  Sample 
after  Evaluation 

8248.4 

8252.0 

8250.1 

5.<#3-#4) 

483.1 

487.0 

484.4 

6.#1/#5=S.G 

2.568 

2.563 

2.567 

Standard  Deviation  = 
Range  = 


Average  =  2.566x  62.43  =  160.2  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  Run  Date  : 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

l.Wt.  of  Sample 

2:Wtof  Pyc.+  Water 

7491.0  . 

7491.0 

7491.0 

3.Wt.of#l*#2^: 

4.Wt.  of  Sample    ; 
after  Evaluation 

5;(#3  --#4) 

6.#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average  = 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (10  %  CB)  Run  Date  :Jun.  16,1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

3.5-1 

3.5-2 

3.5-3 

Wt.  of  Sample(g) 

1237.3 

1233.0 

1233.4 

Wt.  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

Wt.  of  #l+#2 

8728.3 

8724.0 

8724.4 

Wt.  of  Sample 
after  Evaluation 

8206.1 

8257.3 

8258.1 

(#3  -  #4) 

468.2 

466.7 

466.3 

#l/#5  =S.G 

2.643 

2.642 

2.645 

Standard  Deviation  = 
Range  = 


Average  =  2.643x  62.43  =  165  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  (10%  CB)  Run  Date  :  Jun.  16, 1994 

Tested  by  :TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4-1 

4-2 

4-3 

Wt.  ofSample(g) 

1238.9 

1233.8 

1238.9 

Wt.  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

Wt.  of  #l+#2 

8729.9 

8724.8 

8729.9 

Wt.  of  Sample 
after  Evaluation 

8258.4 

8255.3 

8257.4 

(#3  -  #4) 

471.5 

469.5 

472.5 

#1/#5=S.G 

2.624 

2.628 

2.622 

Standard  Deviation  = 
Range  = 


Average  =  2.625x  62.43  =  163.88  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (10%  CB)  Run  Date  :  Jun.  16,  1994 

Tested  by  :TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

4.5-1 

4.5-2 

4.5-3 

Wt  of  Sample 

1229.1 

1230 

1244.1 

WtofPyc+  Water 

7491.0 

7491.0 

7491.0 

Wtof#l*#2 

8720.1 

8721.0 

8735.1 

Wt  of  Sample  after 
Evaluation 

8249.1 

8721.0 

8735.1 

(#3- #4) 

470.7 

471.5 

477.8 

•   #1/£5:=S.G 

2.611 

2.609 

2.604 

Standard  Deviation  = 
Range = 


Average  =  2.608x  62.43  =  162.82  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  ( 1 0%  CB)  Run  Date  :  Jun  1 6,  1 994 

Tested  by  :TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 

Specimen  ID     ! 

5-1 

5-2 

5-3 

Wt.  of  Sample 

1242.0 

1244.1 

1240.3 

WtofPyc*  Water 

7491.0 

7491.0 

7491.0 

Wtof#l+#2 

8733.0 

8735.1 

8731.3 

Wt  of  Sample  after 
Evaluation 

8253.3 

8254.3 

8252.0 

(#3- #4) 

479.7 

480.8 

479.3 

mms  =s.G 

2.589 

2.588 

2.588 

Standard  Deviation  = 
Range = 


Average  =  2.588x  62.43  =  161.57  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10(1 0%  CB)  Run  Date  :  Jun.  1 6,  1 994 

Tested  by  :  TAESOON  PARK 


P YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

5.5-1 

5.5  -  2 

5.5-3 

I.Wt.  of  Sample 

1239.7 

1247.2 

1249.3 

2.Wt.  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #I+#2 

8730.7 

8738.2 

8740.3           J 

4.W1  of  Sample 
after  Evaluation 

8248.5 

8252.5 

8253.7 

5.(#3-34) 

482.2 

485.7 

486.6 

6Jl/#5=S.G 

2.571 

2.568 

2.567 

Standard  Deviation  = 
Range = 


Average  =  2.569x  62.43  =  160.38  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  Run  Date  : 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

LWt  .of  Sample 

2.Wt.of  Pyc>  Water 

7491.0 

7491.0 

7491.0 

3.Wtof#H#2  • 

4.Wt.  of  Sample 
after  Evaluation 

5.{#3_#4) 

6,#1/#5=S.G 

Standard  Deviation 
Range  = 


Average  = 


x  62.43 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  ( 1 5%  CB)  Run  Date  :  Jun.  1 9,  1 994 

Tested  by  :  TAESOONPARK 


PYCNQMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

3.5-1 

3.5-2 

3.5-3 

LWt  of  Sample  (g) 

1237.9 

1232.9 

1232.7 

:2;Wt.ofPyc-t-  Water 

7491.0 

7491.0 

7491.0 

3.Wtof#I+#2 

8728.9 

8723.9 

8723.7 

4.Wt  of  Sample 
after  Evaluation 

8260.5 

8258.6 

8257.4 

5.<#3-#4) 

468.4 

465.3 

466.3 

6m/85=SAj 

2.643 

2.65 

2.644 

Standard  Deviation  = 
Range = 


Average  =  2.646x  62.43  =  165. 19  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  (15%  CB)  Run  Date  :  Jun.  19,  1994 

Tested  by  :  TAESOON  PARK 


PYCNQMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4-1 

4-2 

4-3 

LWt.  of  Sample  (g) 

1241.6 

1238.4 

1235.7 

2.Wi  of  Pyc .+  Water 

7491.0 

7491.0 

7491.0 

3:Wt.of#l+#2 

8732.6 

8729.4 

8726.7 

4.Wt  of  Sample 
after  Evaluation 

8260.1 

8258.7 

8257.1 

5.{#3-  #4) 

472.5 

470.7 

469.6 

6J1/#5=S.G 

2.628 

2.631 

2.631 

Standard  Deviation  = 
Range  = 


Average  =  2.63x  62.43  =  164.2  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (15%  CB)  Run  Date  :  Jun.19,  1994 

Tested  by  :  TAESOON  PARK 


P YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5-3 

l.Wt.  of  Sample  (g) 

1233.4 

1234.7 

1245.3 

o2.Wt.ofPyc.4-  Water 

7491.0 

7491.0 

7491.0 

:3;Wi.  of  #14*2 

8724.4 

8725.7 

8736.3 

4.Wt.  of  Sample 
after  Evaluation 

8252.2 

8253.8 

8258.5 

§5.(#3-#4) 

472.2 

471.9 

477.8 

6J1/#5=S.G  - 

2.612 

2.616 

2.606 

Standard  Deviation  = 
Range = 


Average  =  2.61  lx  62.43  =  163.0  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (15%  CB)  Run  Date  :  Jun.  19,  1994 

Tested  by  :  TAESOON  PARK 


P  YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5-1 

5-2 

.5-3 

LWt.  of  Sample  (g) 

1247.2 

1245.5 

1244.3 

2.Wt;  of  Pyc*  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #I+#2 

8738.2 

8736.5 

8735.3 

4.W1.  of  Sample 
after  Evaluation 

8257.4 

8256.2 

8255.3 

;/5P3_#4)    : 

480.8 

480.3 

480.0 

6J1/#5=S.G 

2.594 

2.593 

2.592 

Standard  Deviation  = 
Range  = 


Average  =  2.593x  62.43  =  161.88  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  ( 1 5%  CB)  Run  Date  :  Jun.  1 9,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

5.5-1 

5.5-2 

5.5-2 

LWt.  of  Sample  (g) 

1252.5 

1248.5 

1253.9 

2.Wt.ofPyc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #l+#2 

8743.5 

8739.5 

8744.9 

4.Wt.  of  Sample 
after  Evaluation 

8256.9 

8255.3 

8257.0 

5.m-M) 

486.6 

484.2 

487.9 

6M.\M5  =S.G ; : 

2.574 

2.578 

2.57 

Standard  Deviation  = 
Range = 


Average  =  2.574x  62.43  =  160.69  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

LWt.  of  Sample  (g) 

2.Wt  of  Pyc.-i- Water 

7491.0 

7491.0 

7491.0 

3.Wtof#l+#2: 

4.Wt.  of  Sample 
after  Evaluation 

sxm -#4)  i 

6.#1/#5=S.G 

Standard  Deviation  = 
Range = 


Average  = 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (20%  CB)  Run  Date  :  Jun.21,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

3.5  - 1 

3.5-2 

3.5-3 

LWt.  of  Sample  (g) 

N/A 

1226.3 

1221.8 

2.Wt.of  Pyfc-s- Wated 

7491.0 

7491.0 

7491.0 

3.Wt  of#l+#2 

N/A 

8717.3 

8712.8 

4;Wi  of  Sample 
after  Evaluation 

8255.5 

8252.6 

5.<#3-#4) 

461.8 

460.2 

6J1/#5^S.G 

2.655 

2.655 

Standard  Deviation  = 
Range = 


Average  =  2.655x  62.43  =  165.75  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (20%  CB)  Run  Date  :  Jun.21,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.  D> 

4-1 

4-2 

4-3 

l.Wt.  of  Sample  (g) 

1242.8 

1241.6 

1234.9 

2,Wt  of  Pyc^  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of#l+#2 

8733.8 

8732.6 

8725.9 

4.Wt.  of  Sample 
after  Evaluation 

8261.2 

8260.2 

8255.7 

5.(#3^^4)v.v 

472.6 

472.4 

470.2 

6M\m  =S.G  :; 

2.630 

2.628 

2.626 

Standard  Deviation  = 
Range  = 


Average  =  2.628x  62.43  =  164.07  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  (20%  CB)  Run  Date  :  Jun.2 1 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D.. 

4.5-1 

4.5  -  2 

4.5-3 

l.Wt.  of  Sample  (g) 

1241.2 

1244.6 

1243.6 

2.WtofPyc.-FWater 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #14*2  { 

8732.2 

8735.6 

8734.6 

4.Wt.  of  Sample 
after  Evaluation 

8257.2 

8258.7 

8258.4 

5.<#3-#4) 

475.0 

476.9 

476.2 

L<60tlM5*S.G 

2.613 

2.610 

2.612 

Standard  Deviation  = 
Range  = 


Average  =  2.612x  62.43  =  163.07  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (20%  CB)  Run  Date  :  Jun.21,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

5-1 

5-2 

5-3 

l.Wt.  of  Sample  (g) 

1254.0 

1250.2 

1248.7 

2.Wt.  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.mof#H#2    • 

8745.0 

8741.8 

8739.7 

4.Wt.  of  Sample 
after  Evaluation 

8260.4 

8259.4 

8257.5 

S.<#3-#4) 

484.1 

482.4 

482.2 

6;#1/#5=S.G 

2.590 

2.593 

2.590 

Standard  Deviation  = 
Range = 


Average  =  2.591x  62.43  =  161.76  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division"  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  (20%  CB)  Run  Date  :  Jun.2 1 ,  1 994 

Tested  by  :  TAESOON  PARK 


P YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  X.D.? 

5.5  -  1 

53-2 

5.5-3 

I.  Wi.  of  Sample  (g) 

1251.0 

1247.3 

1251.4 

2.Wt.  of  Pyc.-**  Water;: 

7491.0 

7491.0 

7491.0 

3Mt.;of#I+#2:: 

8742.0 

8738.3 

8742.4 

4.Wt.  of  Sample 
after  Evaluati6ri::: 

8256.5 

8253.6 

8256.6 

5.{#3-#4)  ;; 

485.5 

484.7 

485.8 

6.#1/#5=S.G 

2.577 

2.573 

2.576 

Standard  Deviation  = 
Range = 


Average  =  2.575x  62.43  =  160.76  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


SpecimenLD. 

< 

01;Wt.  of  Sample  (g)i 

:2.WtofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3:Wt.  of#l+#2  ■ 

;4.Wt.  of  Sample 
after  Evaluation 

:5.{*3~#*K 

6.#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average  = 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  (5%  PCB)  Run  Date  :  Jun.3,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  X.D. 

3.5-1 

3.5-2 

3.5-3 

I.  Wt.  of  Sample  (g) 

1223.9 

1229.5 

1233.8 

2.W.t.of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #l+#2 

8714.9 

8720.5 

8724.8 

4.Wt.  of  Sample 
after  Evaluation 

8251.6 

8254.0 

8255.7 

5.<#3  -#4) 

463.3 

466.5 

469.1 

6J1/#5=S.G 

2.642 

2.636 

2.630 

Standard  Deviation  = 
Range = 


Average  =  2.636x  62.43  =  164.57  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  (5%  PCB)  Run  Date  :  Jun.3,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

4-1 

4-2   • 

4-3 

LWt.  of  Sample  (g) 

1241.2 

1234.2 

1239.7 

2.Wi:OfPyc-*-WateTl 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2 

8732.2 

8725.2 

8730.7 

4  Wt  of  Saropfe 
after  Evaluation 

8258.7 

8253.7 

8256.. ..6 

•5:<#3-iiH) 

473.5 

471.8 

474.1 

■6Mim  =SG  :■-,■ 

2.621 

2.616 

2.615 

Standard  Deviation  = 
Range  = 


Average  =  2.617x  62.43  =  163.38  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (5%  PCB)  Run  Date  :  Jun.3,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5-3 

J.Wl  of  Sample  (g) 

1241.4 

1234.6 

1243.2 

2,Wt.  of  Pyc*  Water; 

7491.0 

7491.0 

7491.0 

3.Wt.:Of#I+#2::::l 

8732.4 

8725.6 

8734.2 

4.W1  of  Sample 
after  Evaluation 

8252.3 

8249.4 

8253.1 

5.{#3  ~#4)  - 

480.1 

476.2 

481.1 

6J1/#5=S.G 

2.586 

2.593 

2.584 

Standard  Deviation  = 
Range = 


Average  =  2.588x  62.43  =  161.57  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (5%  PCB)  Run  Date  :  Jun.3,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I,  D, 

5-1 

5-2 

5-3 

11  .Wt.  of  Sample  (g) 

1241.4 

1242.0 

1247.5 

2.Wt.ofPyc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#l+#2 

8732.4 

8733.0 

8738.5 

4.Wt.  of  Sample 
after  Evaluation 

8248.4 

8251.7 

8252.2 

S.<#3>-#4) 

484.0 

481.3 

486.3 

6.#1/#5=S.G 

2.565 

2.580 

2.565 

Standard  Deviation  = 
Range  = 


Average  =  2.570x  62.43  =  160.45  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (5%  PCB)  Run  Date  :  Jun.3,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5.5-1 

5.5-2 

5.5-3 

l.Wi.  of  Sample  (g) 

1249.7 

1250.3 

1246.6 

2.WtofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wi.  of#l+#2 

8740.7 

8741.3 

8737.6 

4.W1  of  Sample 
after  Evaluation 

8251.0 

8252.0 

8249.4 

mm  -  #4) 

489.7 

489.3 

488.2 

6M1M5  =S.G 

2.552 

2.555 

2.553 

Standard  Deviation  = 
Range = 


Average  =  2.553x  62.43  =  159.38  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

l.Wt.  of  Sample  (g) 

2.Wt  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#l+#2 

4.Wt.  of  Sample 
after  Evaluation 

5.<#3-#4) 

6.#1/#5=S.G 

Standard  Deviation  = 
Range = 


Average  = 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (10%  PCB)  Run  Date  :  Jun.8,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen T.D'.    ■ 

3.5-1 

3.5-2 

3.5-3 

I.Wl  of  Sample  (g) 

1229.9 

1230.0 

1229.1 

2-Wt.ofPyc.-F  Water: 

7491.0 

7491.0 

7491.0 

3.Wtof#l+#2 

8720.9 

8721.0 

8720.1 

4  Wt.  of  Sample 
after  Evaluation 

8256.0 

8256.6 

8255.3 

5:(#3  -  #4) 

464.9 

464.4 

464.8 

6#l/#5  =S.G 

2.646 

2.649 

2.644 

Standard  Deviation  = 
Range  = 


Average  =  2.646x  62.43  =  165.19  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (10%  PCB)  Run  Date  :  Jun.8,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID 

4-1 

4-2 

4-3 

l.Wt.  of  Sample  (g); 

1235.0 

1238.1 

1236.5 

2.Wt.  of  Pyc.-i-  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2 

8726.0 

8729.1 

8727.5 

4.Wt.  of  Sample 
after  Evaluation 

8255.0 

8255.6 

8255.3 

5;(#3.#4) 

471 

473.5 

472.2 

6.#l/#5  =SXr  § 

2.622 

2.615 

2.619 

Standard  Deviation  = 
Range  = 


Average  =  2.619x  62.43  =  163.5  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10(1 0%  PCB)  Run  Date  :  Jun.  8,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4.5-1 

4.5-2 

4.5-3 

l.Wt.  of  Sample  (g) 

1241.9 

1245.5 

1242.7 

'2.WtofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt  of#I+#2 

8732.9 

8736.5 

8733.7 

4.Wt  of  Sample 
after  Evaluation 

8255.2 

8256.5 

8254.4 

5.{#3.#4) 

477.2 

480.0 

479.3 

6#1/#5=S.G 

2.602 

2.595 

2.593 

Standard  Deviation  = 
Range = 


Average  =  2.597x  62.43  =  162.13  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  ( 1 0%  PCB)  Run  Date  :  Jun.8,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

5-1 

5-2 

5-3 

l.Wt.  of  Sample  (g) 

1249.4 

1247.0 

1240.5 

2.Wt  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2 

8740.4 

8738.0 

8731.5 

4.  Wt.  of  Sample 
after  Evaluation 

8256.7 

8254.2 

8250.6 

5.<#3  -  #4) 

483.7 

483.8 

480.9 

6.#1/#5=S.G 

2.583 

2.578 

2.579 

Standard  Deviation  = 
Range  = 


Average  =  2.58x  62.43  =  161.07  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (10%  PCB)  Run  Date  :  Jun.8,  1994 

Tested  by  :  TAESOON  PARK 


P YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D.    i 

5.5  -  1 

5.5  -  2 

5.5  -  3 

LWi.  of  Sample  (g) 

1250.7 

1246.9 

1244.7 

2.Wt.  of  Pyc-i- Water 

7491.0 

7491.0 

7491.0 

3.Wtof#H#2   . 

8741.7 

8737.9 

8735.7          J 

4Wt;  of  Sample 
after  Evaluation 

8254.7 

8252.9 

8249.0 

5.(#3  -#4)   : 

487.0 

485.0 

486.7 

6J1/#5=S.G 

2.568 

2.571 

2.557 

Standard  Deviation  = 
Range = 


Average  =  2.565x  62.43  =  160.13  bs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

LWt.  of  Sample  (g) 

2.Wi.ofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3:Wi.  of#l+#2'? 

4Wt.  of  Sample 
after  Evaluation 

5:(#3.#4)   ; 

6#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average  = 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  ( 1 5%  PCB)  Run  Date  :  Jun.  1 0,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  X.D. 

3.5-1 

3.5-2 

3.5-3 

I  .Wt  of  Sample  (g) 

1228.6 

1229.2 

1233.2 

2.Wt.  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3:Wt;  of#l+#2    : 

8719.6 

8720.2 

8724.1 

4  JWt  of  Sample 
after  Evaluation 

8256.3 

8254.7 

8258.0 

5.<#3-#4) 

463.3 

465.5 

466.1 

6Jl/#5^5.G 

2.652 

2.641 

2.646 

Standard  Deviation  = 
Range = 


Average  =  2.646x  62.43  =  165.19  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 10  (15%  PCB)  Run  Date  :  Jun.  10,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.  D. 

4-1 

4-2 

4-3 

l.Wi.  of  Sample  <g> 

1239.3 

1239.2 

1236.0 

2.Wt.  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3-Wt.  of #l+#2 

8730.3 

8730.2 

8727.0 

4.Wt.  of  Sample 
after  Evaluation 

8257.7 

8257.4 

8255.5 

5.{#3-#4) 

472.6 

472.8 

471.5 

6.#1/#5=S.G 

2.622 

2.621 

2.621 

Standard  Deviation 
Range  = 


Average  =  2.621x  62.43  =  163.63  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (15%  PCB)  Run  Date  :  Jun.  1 0,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5-3 

l.Wt.  of  Sample  (g) 

1245.5 

1240.6 

1242.6 

2.Wt.ofPyc^  Water 

7491.0 

7491.0 

7491.0 

3-Wt  of  #I+#2  : 

8736.5 

8731.6 

8733.6 

4.  Wt  of  Sample 
after  Evaluation 

8260.0 

8255.1 

8256.2 

s.(m -#4) * 

476.5 

476.5 

477.4 

6.#l/#5  =S.G 

2.612 

2.604 

2.603 

Standard  Deviation  = 
Range  = 


Average  =  2.606x  62.43  =  162.51  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (15%  PCB)  Run  Date  :  Jun.  10,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D 

5-1 

5-2 

5-3 

LWt.  of  Sample  <g) 

1248.7 

1247.9 

1250.1 

ZWt  of  Pyc>  Water 

7491.0 

7491.0 

7491.0 

3.wt  otmm. 

8739.7 

8738.9 

8741.1 

4  Wt.  of  Sample 
after  Evaluation 

8256.7 

8256.0 

8257.8 

5.(#3  . #4)  ;: 

483 

482.9 

483.3 

6.#1/#5=S.G   ; 

2.585 

2.584 

2.587 

Standard  Deviation  = 
Range = 


Average  =  2.585x  62.43  =  161.38  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  ( 1 5%  PCB)  Run  Date  :  Jun.  1 0,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5.5-1 

5.5-2 

5.5-3 

LWbJof  Sample  (g) 

1254.5 

1253.1 

1251.0 

2.Wt  of  Pyci*  Waters 

7491.0 

7491.0 

7491.0 

3.Wt.  of#l+#2 

8745.5 

8744.1 

8742.0 

4. Wt- of  Sample 
after  Evaluation 

8257.6 

8257.1 

8253.2 

5.{#3  .#4)  - 

487.9 

487 

488.8 

:6J1/#5=S,G 

2.571 

2.573 

2.559 

Standard  Deviation  = 
Range = 


Average  =  2.568x  62.43  =  160.32  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD;;-"::; 

LWt.  of  Sampie<g) :! 

2.Wt  of  Pvc*  Water 

7491.0 

7491.0 

7491.0 

3.Wt.:Of#l+#2.: 

4. Wt.  of  Sample 
after  Evaluation 

5;<#3-#4)  & 

6.#l/#5  =S.G 

Standard  Deviation  = 
Range  = 


Average  = 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab". 
Type  of  Mix  :  AC-10  (20%  PCB)  Run  Date  :  Jun.  13,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

3.5-1 

3.5-2 

3.5-3 

I. Wt.  of  Sample  (g) 

1226.4 

1230.4 

1230.6 

2.Wt  of  Pyc.-t-  Water 

7491.0 

7491.0 

7491.0 

■3Atft  of#I+#2 

8717.4 

8721.4 

8721.6 

4.Wt.  of  Sample 
after  Evaluation 

8255.1 

8257.6 

8258.0 

5.{#3  -#4) 

462.3 

463.8 

463.6 

6J1/#5=S.G 

2.653 

2.653 

2.654 

Standard  Deviation  = 
Range = 


Average  =  2.653x  62.43  =  165.63  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (20%  PCB)  Run  Date  :  Jun.13,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

4-1 

4-2       • 

4-3 

LWt  of  Sample  (g) 

1243.6 

1236.6 

1245.3 

2-Wt.of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #H#2        1 

8734.6 

8727.6 

8736.3 

4.  Wt  of  Sample    ; 
after  Evaluation 

8261.5 

8257.6 

8263.2 

5  (#3- #4) 

473.1 

470.0 

473.1 

6#1/#5=S.G 

2.629 

2.631 

2.632 

Standard  Deviation  = 
Range  = 


Average  =  2.63  lx  62.43  =  164.25  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (20%  PCB)  Run  Date  :  Jun.13,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D.  •= 

4.5-1 

4.5  -  2 

4.5-3 

I.Wt.  of  Sample  (g) 

1241.2 

1241.2 

1242.2 

2.Wt.ofPyc.+ Water 

7491.0 

7491.0 

7491.0 

3'.Wt  of#l+#2 

8732.2 

8732.2 

8733.2 

4.WL  of  Sample 
after  Evaluation 

8257.8 

8257.2 

8258.5 

5.<#3-#4) 

474.4 

475 

474.7 

6J1/#5=S.G 

2.616 

2.613 

2.617 

Standard  Deviation  = 
Range  = 


Average  =  2.615x  62.43  =  163.25  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC- 1 0  (20%  PCB)  Run  Date  :  Jun.  1 3 ,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Soeciroen  I.D. 

5-  1 

5-2 

5-3 

LWt.  of  Sample  (g) 

1252.7 

1245.4 

1249.5 

2.Wt  of  Pvc.-*-  Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#l+#2 

8743.7 

8736.4 

8740.5 

4.W1.  of  Sample, 
after  Evaluation 

8261.4 

8256.4 

8260.2 

5.<#3-#4) ..:: 

482.3 

480 

480.3 

6.#1/#5=S.G 

2.597 

2.595 

2.601 

Standard  Deviation  = 
Range  = 


Average  =  2.598x  62.43  =  162. 19  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-10  (20%  PCB)  Run  Date  :  Jun.  13,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5.5-1 

5.5-2 

5.5-3 

I.  WL  of  Sample  (g) 

1257.7. 

1253.1 

1255.3 

2/Wt.of  PvcJ- Water 

7491.0 

7491.0 

7491.0 

3.Wtof#l+#2 

8748.7 

8744.1 

8746.3 

4.Wt.  of  Sample 
after  Evaluation 

8261.4 

8258.7 

8259.5 

:5;(#3-#4) 

487.3 

485.4 

486.8 

6#l/#5  =S.G 

2.581 

2.582 

2.577 

Standard  Deviation 
Range = 


Average  =  2.580x  62.43  =  161.07  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

l.Wi.  of  Sample  (g) 

21-Wt  of  Pyc*  Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#l+#2 

4  Wt.  of  Sample 
after  Evaluation 

5.(33-  #4) 

6.#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average 


x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  Run  Date  :  Mar.  17,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

3.5-1 

3.5-2 

3.5-3 

I.  Wt.  of  Sample  (g) 

1223.3 

1227.3 

1229.5 

2.Wt.  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #l+#2  : 

8714.3 

8718.3 

8720.5 

4.Wt.  of  Sample 
after  Evaluation 

8250 

8248 

8246 

5.{#3-#4) 

464.3 

470.3 

474.5 

6#1/#5=S.G 

2.635 

2.610 

2.591 

Standard  Deviation  = 
Range = 


Average  =  2.612x  62.43  =  163.07  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  Run  Date  :  Mar.  17,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4-1 

4-2 

4-3 

l.Wt.  of  Sample  (g) 

1226.7 

1236.1 

1235.8 

2.WC.  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2 

8717.7 

8727.1 

8726.8 

4.  Wt.  of  Sample 
after  Evaluation 

8239.1 

8250.1 

8250.0 

5.<#3-#4) 

478.6 

477 

476.8 

6.#1/#5=S.G 

2.563 

2.594 

2.592 

Standard  Deviation  = 
Range = 


Average  =  2.583x  62.43  =  161.26  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  Run  Date  :  Mar.  18,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4.5-1 

4.5-2 

4.5  -  3 

LWt  of  Sample  (g) 

1232.0 

1231.2 

1236.0 

2LWtofPyc+  Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #l+#2  •  •• 

8723.0 

8722.3 

8727 

4.W1  of  Sample 
after  Evaluation 

8241.7 

8236.4 

8238 

5.<#3r#4) 

481.3 

485.9 

489.0 

6#1/#5=S.G 

2.559 

2.534 

2.528 

Standard  Deviation  = 
Range = 


Average  =  2.540x  62.43  =  158.57  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  Run  Date  :  Mar.  18,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

5-1 

5-2 

5-3 

LWt.  of  Sample  (g) 

1240.9 

1236 

1237.3 

ZWtofPyc*  Water 

7491.0 

7491.0 

7491.0 

:3.Wi  of  #i+#2- 

8731.9 

8727 

8728.3 

4.Wt.  of  Sample 
after  Evaluation 

8234 

8231.5 

8239 

5.(#3-#4) 

497.9 

495.5 

489.3 

6;#1/#5=S.G 

2.492 

2.494 

2.529 

Standard  Deviation  = 
Range  = 


Average  =  2.493x  62.43  =  155.64  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  Run  Date  :  Mar.  18,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

5.5-1 

5.5-2 

5.5-3 

l.Wt.  of  Sample  (g) 

1236.5 

1242.9 

N/A 

2.Wtof  Pyc.-i-  Water 

7491.0 

7491.0 

7491.0 

3.Wtof#l+#2 

8727.5 

8733.9 

4  .Wt.  of  Sample 
after  Evaluation 

8225.4 

8733.9 

5.{#3  .  #4) 

502.1 

502.8 

6.mm=sxj 

2.462 

2.471 

Standard  Deviation  = 
Range = 


Average  =  2.467x  62.43  =  154.01  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

l.Wt.  of  Sample  (g) 

ZWi.of  Pvcr*-  Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#l+#2          i 

4Wt.  of  Sample 
after  Evaluation 

5.(33- #4) 

6.#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average  =        x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-20  (10%  CB)  Run  Date  :  May  18,  1994 

Tested  by :  TAESOONPARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D.; 

3.5-1 

3.5  -  2 

3:5-3 

l.Wt.  of  Sample  (g) 

1226.8 

1237.0 

1231.1 

2.Wt:ofPyc.-f-Water 

7491.0 

7491.0 

7491.0 

l3.WLof#l+#2  . 

8717.8 

8728.0 

8722.1 

4.Wi-of  Sample  : 
after  Evaluation 

8250.7 

8256.6 

8254.0 

5.(#3-#4) 

467.1 

471.4 

468.1 

631M5  =S.G 

2.626 

2.624 

2.630 

Standard  Deviation  = 
Range = 


Average  =  2.627x  62.43  =  164  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (10%  CB)  Run  Date  :  May  18,  1994 

Tested  by  :  TAESOON  PARK 

PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4-1 

4-2 

4-3: 

I. Wtiiof  Sample  (g)l! 

1235.5 

1233.6 

1237.3 

2.Wt.of  Pyc.-i-  Water 

7491.0 

7491.0 

7491.0 

3.Wt^:of#14#2:::;r 

8726.5 

8724.6 

8728.3 

4.Wt;;  of  Sample 
after  Evaluation 

8247.8 

8253.6 

8254.4 

5.(#3-#4}^ 

478.7 

471 

473.9 

emms^s.G 

2.581 

2.619 

2.610 

Standard  Deviation  = 
Range = 


Average  =  2.6 18x  62.43  =  163.44  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-20  (10%  CB)  Run  Date  :  May  1 8,  1 994 

Tested  by :  TAESOONPARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4.5-1 

4.5-2 

4.5-3 

1  Wt :  of  Sample  (g)  -  - ; 

1239.5 

1241.4 

1234.6 

:2.Wt.ofPvc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt  of#!+#2 

8730.5 

8732.4 

8725.6 

4.Wt  of  Sample 
after  Evaluation 

8250.5 

8253.0 

8248.3 

::5.(#3   -   £4)   :     : 

480 

479.4 

477.3 

6.#1/#5=S.G 

2.582 

2.589 

2.587 

Standard  Deviation  = 
Range = 


Average  =  2.586x  62.43  =  161.44  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-20  ( 1 0%  CB)  Run  Date  :  May  1 8,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5-1 

5-2 

:--:-;5  -3  . .: 

l.Wt.  of  Sample  <g) 

1237.5 

1249.5 

1246.8 

2.Wt.of  Pvc.+  Water 

7491.0 

7491.0 

7491.0 

&.Wtof#I+#2 

8728.5 

8740.5 

8737.8 

4.Wt.  of  Sample 
after  Evaluation  i 

8247.0 

8254.5 

8253.0 

5.{#3"-*4)    . 

481.5 

486.0 

484.8 

63lfUS=S.G 

2.570 

2.571 

2.572 

Standard  Deviation  = 
Range  = 


Average  =  2.571x  62.43  =  160.51  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (10%  CB)  Run  Date  :  May  18,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5.5-1 

s«5.5-:2-s 

5.5-3 

l.Wt.  of  Sample  (g)  t 

1250.6 

1249.2 

1247.2 

2;  WtofPyc;*  Water; 

7491.0 

7491.0 

7491.0 

3.Wtof#!+#2 

8741.6 

8740.2 

8738.2 

4.  Wt.  of  Sample 
after  Evaluation 

8252.2 

8252.0 

8250.7 

5,{#3-#4) 

489.4 

488.2 

489.5 

6'M\m5  =S.G            1 

2.555 

2.559 

2.558 

Standard  Deviation  = 
Range = 


Average  =  2.557x  62.43  =  159.63  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD; 

l.Wt:  of  Sample  (g)  : 

2.Wt.ofPyc.+ Water 

7491.0 

7491.0 

7491.0 

3;WtBof#l+#2 

4.Wt  of  Sample 
after  Evaluation 

5.(#3-#4) 

6.mm=s.G 

Standard  Deviation  = 
Range = 


Average  =       x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (15%  CB)  Run  Date  :  May  25, 1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.  D. 

3.5  - 1 

3.5-2 

3.5-3 

LWt.  of  Sample  <g) 

1230.2 

1232.3 

1226.8 

2.Wtof  Pycrf-  Water  \ 

7491.0 

7491.0 

7491.0 

3.Wycf#l+#2 

8721.2 

8723.3 

8717.8 

4.  Wt.  of  Sample  :; 
after  Evaluation 7; 

8256.4 

8257.1 

8252.4 

5.(#3-#4): 

465.0 

466.2 

465.4 

6.#1/#5=S.G 

2.646 

2.643 

2.636 

Standard  Deviation  = 
Range = 


Average  =  2.642x  62.43  -  164.94  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (15%  CB)  Run  Date  :  May  25,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

4  -  1 

'4-2** 

:    4-3 

LWt.  of  Sample  (g) 

1238.7 

1235.6 

1240.6 

2.Wtof  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wtof#l+#2 

8729.7 

8726.6 

8731.6 

4 .Wt.  of  Sample 
after  Evaluation 

8259.8 

8257.8 

8258.4 

5.(#3  -  «4) 

469.9 

468.8 

473.2 

mimsss.<m 

2.636 

2.635 

2.622 

Standard  Deviation  = 
Range = 


Average  =  2.63  lx  62.43  =  164.25  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-20  (15%  CB)  Run  Date :  Jun.  6,  1994 

Tested  by  :  TAESOON  PARK 

PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5-3 

l.Wt.  of  Sample  (g) 

1236.1 

1234.6 

1236.1 

2.WtofPyc.+  Water  * 

7491.0 

7491.0 

7491.0 

3.Wi*of#l+#2 

8727.1 

8725.6 

8727.1 

4.  Wt.  of  Sample 
iafter  Evalu  ation 

8253.2 

8252.6 

8252.3 

5.{#3-#4) 

473.9 

473.0 

474.8 

6.#1/#5=S.G 

2.608 

2.610 

2.603 

Standard  Deviation  = 
Range = 


Average  =  2.607x  62.43  =  162.76  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-20  (15%  CB)  Run  Date  :  May  26,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5-1 

.15-2.  ■' 

MP 

11  mi  of  Sample  (g) 

1247.8 

1244.4 

1243.2 

2.WtofPyc>  Water 

7491.0 

7491.0 

.   7491.0 

:3.wt.;bf#i+#2  ■:. 

8739.8 

8735.4 

8734.2 

4.  Wt.  of  Sample 
after  Evaluation 

8255.3 

8248.5 

8254.4 

5.(#3-#4) 

484.5 

486.9 

479.8 

■6M\ms  =S.G      :: 

2.575 

2.556 

2.591 

Standard  Deviation  = 
Range = 


Average  =  2.583x  62.43  =  161.26  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (15%  CB)  Run  Date :  May  26,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5.5-1 

5.5-2 

5.5-3 

l.Wt.  of  Sample  (g)J 

1256.9 

1256.2 

1250.5 

2.WtofPyc^-Water:) 

7491.0 

7491.0 

7491.0 

3:Wt,iof#l+#2 

8747.9 

8747.2 

8741.5 

4.Wt  of  Sample 
after  Evaluation 

8258.5 

8258.1 

8253.9 

5.(#3.#4) 

489.4 

489.0 

487.6 

6.#1/#5=S.G 

2.568 

2.569 

2.565 

Standard  Deviation  = 
Range = 


Average  =  2.567x  62.43  =  160.26  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

l.Wi.  of  Sample  (g):: 

2.Wt.ofPvc:+ Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#K#2,  . 

4.  Wt.  of  Sample 
after  Evaluation 

5.(#3-#4);;i 

mimmsmm 

Standard  Deviation  = 
Range = 


Average  =       x  62.43  = 


lbs/ft3 


LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laborart°7  :  Indiana  Department  of  Tnmipmt*;™  r>ivision  nf  ^^  T  ok 
Type  of  Mix :  AC-20  (20%  CB)  Run  Date  :  May  23   1994 

Tested  by  :  TAESOON  PARK  «.mayzj,  iyy4 

EBlPiSP  RPECIFTrGRAVTTYDETF.RMT>JATTnM 


SpecirnenlilDJ 


3  :Wt:  of  Sample^ 


2;  Wt.of  Pyca- Water 


3iWtiof#l+#2 


4.Wt.  of  Sample 
after  Evaluation 


5,(^3 -#4); 


6;fl/#5:=S;Gi 


Standard  Deviation  = 
Range = 


3.5  - 1 


1229.4 


3.5-2 


7491.0 


8720.4 


8257.4 


463.0 


2.655 


1227.2 


7491.0 


8717.2 


8256.0 


462.2 


3.5-3 


1232.9 


7491.0 


8723.9 


8258.8 


2.655 


465.1 


2.651 


Average  =  2.654x  62.43  =  165.69  lbs/ft3 


l>Wt  ofSampleTg) 


Laboratory  :  Indiana  Department  of  Transport™  Divisinn  nf  p.gpar^  T  ,h 
Type  of  Mix  :  AC-20  (20%  CB)  Run  Date  :  May  23   1994 

Tested  by  :  TAESOON  PARK  *     ' 

PYCN?MFTFR  SPECIFTrnPAvrrYDFTFRMTMATTnM 


Specimen  ID: 


2.Wt.ofPv^Water;i: 
3.Wt.:of#l-f#2: 
4.Wt.  of  Sample 
after  Evaluation 


\"6Mims^sm 


Standard  Deviation  = 
Range = 


4  -  1 
1240.6 


4^2 


7491.0 


8731.6 


8260.2 


471.4 


2.632 


1238.2 


7491.0 


£4^3! 


1239.3 


8729.2 


8257.2 


472 


2.623 


7491.0 


8730.3 


8258.7 


471.6 


2.628 


Average  =  2.628x  62.43  =  164.07  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (20%  CB)  Run  Date  :  May  23,  19994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D.  : 

4.5-1 

4.5-2 

4.5-3 

■'•I. Wt.  of  Sample  (g) 

1242.0 

1237.1 

1247.5 

2.Wt.of  Pvc.+  Water 

7491.0 

7491.0 

7491.0 

:3::Wt;::oF#l+#2;::        1 

8733.0 

8728.1 

8738.5 

4.Wt.  of  Sample 
after  Evaluation 

8256.9 

8254.3 

8260.2 

5.{#3-#4) 

476.1 

473.8 

478.3 

6.#1/#5=S.G 

2.609 

2.611 

2.608 

Standard  Deviation  = 
Range = 


Average  =  2.609x  62.43  =  162.88  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-20  (20%  CB)  Run  Date  :  May  23,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

5-1 

5  -  2  : 

;  *5-3 

L  Wt- of  Sample  (g) 

1247.8 

1250.2 

1242.9 

:;2:Wt.ofPyc.+ Water 

7491.0 

7491.0 

7491.0 

:;:3iWt.;;0f#l+#2::::::: 

8738.8 

8741.2 

8733.9 

4.Wt.  of  Sample 
after  Evaluation 

8257.1 

8258.4 

8256.2 

5.(#3_#4), 

481.7 

482.8 

477.7 

6.#t#5=S.G% 

2.590 

2.589 

2.601 

Standard  Deviation  = 
Range = 


Average  =  2.593x  62.43  =  161.88  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-20  (20%  CB)  Run  Date :  May  23,  1994 

Tested  by :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID 

5.5-1 

5.5-2 

5.5-3 

l.WL  of  Sample  (g) 

1246.8 

1250.8 

1247.8 

2.Wt.ofPycX- Water 

7491.0 

7491.0 

7491.0 

3.WL  of#l+#2 

8737.8 

8741.8 

8738.8 

4.  Wt.  of  Sample 
after  Evaluation 

8253.0 

8255.5 

8254.8 

5.(#3'-#4V' 

484.8 

486.3 

484.0 

6.#1/#5=S.G 

2.572 

2.572 

2.578 

Standard  Deviation  = 
Range = 


Average  =  2.574x  62.43  =  160.7  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix :  AC-  Run  Date :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

Wt;  of  Sample  (g): 

2;Wt;ofPvc;+  Water 

7491.0 

7491.0 

7491.0 

3.WL  of#l+#2 

4.Wt.  of ;  Sample 
after  Evaluation 

$X#3~m) 

mms=s.G 

Standard  Deviation  = 
Range = 


Average  =       x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (5%  PCB)  Run  Date  :  Apr.  20,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

3.5-1 

3.5-2 

3.5-3 

l.Wt  of  Sample  (g) 

1224.1 

1231.0 

1223.7 

2.Wt.ofPyc:+ Water 

7491.0 

7491.0 

7491.0 

3.Wtof*I-H82 

8715.1 

8722.0 

8714.7 

4.Wt.  of  Sample 
after  Evaluation 

8250.8 

8254.1 

8249.8 

5,{#3-#4):, 

464.3 

467.9 

464.9 

6M105=S.G 

2.636 

2.631 

2.632 

Standard  Deviation  = 
Range = 


Average  =  2.633x  62.43  =  164.38  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (5  %  PCB)  Run  Date  :  Apr.  20,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4-1 

4-2 

4-3 

l.Wt.  of  Sample  (g) 

1228.9 

1243.8 

1234.0 

2.W1.  of  Pvc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wt  of#l+#2' 

8719.9 

8734.8 

8725.0 

4.Wt.  of  Sample 
after  Evaluation 

8248.5 

8259.7 

8252.9 

S.{#3  -,#4)  ,: 

471.4 

475.1 

472.1 

6J1/#5=S.G 

2.607 

2.617 

2.614 

Standard  Deviation  = 
Range  = 


Average  =  2.6 16x  62.43  =2.616  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (5%  pcb)  Run  Date  :  Apr.  20,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4.5-1 

4.5-2 

4.5  -  3 

l.Wt.  of  Sample  (g)  : 

1239.1 

1218.9 

1237.5 

2.Wt.ofPyc.-*- Water  i 

7491.0 

7491.0 

7491.0 

3.Wt.Qf#l+#2?v 

8730.1 

8709.9 

8728.5 

4.Wt.  of  Sample 
after  Evaluation 

8251.4 

8238.6 

8247.8 

5. (#3  -  #4) 

478.7 

471.3 

480.8 

6#1/#5=S.G 

2.588 

2.586 

2.575 

Standard  Deviation  = 
Range  = 


Average  =  2.583x  62.43  =  161.26  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (5%  PCB)  Run  Date  :  Apr.  20,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D 

5-1 

5-2 

5-3  * 

LWt.  of  Sample  (g) 

1241.9 

1243.1 

1239.6 

2.Wt  of Pyc.*  Water 

7491.0 

7491.0 

7491.0 

3.Wtof#l+#2 

8732.9 

8734.1 

8730.6 

4.Wt.  of  Sample;;,: 
after  Evaluation 

8250.3 

8250.7 

8247.8 

5-m-  #4) 

482.6 

483.4 

482.8 

6.#1/#5-SXj 

2.573 

2.572 

2.568 

Standard  Deviation  = 
Range  = 


Average  =  2.57 lx  62.43  =  160.51  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (5  %  PCB)  Run  Date  :  Apr.20,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

5.5-1 

5.5-2 

5.5-3 

LWt.  of  Sample  (g) 

1246.6 

1244.2 

1247.7 

2.Wt.ofPyc.+Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #I+#2          ■ 

8737.6 

8735.2 

8738.7 

4  .  Wt.  of  Sample 
after  Evaluation 

8247.4 

8244.5 

8246.9 

5.{#3-  #4)  -:■■■■: 

490.2 

490.7 

491.8 

6Jl/#5=S.G 

2.543 

2.536 

2.537 

Standard  Deviation  = 
Range  = 


Average  =  2.539x  62.43  =  158.51  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

l.Wt.  of  Sample  (g) 

2.Wi  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3,Wt  of#I+£2 

4.  Wt.  of  Sample 
after  Evaluation 

5.{#3-#4) 

6.#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average  =       x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (10%  PCB)  Run  Date  :  Apr.25,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

3.5-1 

3.5-2 

3.5-3 

I.Wt.  of  Sample  (g) 

1222.8 

1241.2 

1236.7 

2.Wt.ofPyc.*  Water 

7491.0 

7491.0 

7491.0 

3.Wt  of  #1-M£ 

8713.8 

8732.2 

8727.7 

4.Wt.  of  Sample 
after  Evaluation 

8247.2 

8257.3 

8257.1 

5.(#j.#4) 

466.6 

474.9 

470.6 

6.#l/#S==SiG-::: 

2.635 

2.632 

2.628 

Standard  Deviation  = 
Range  = 


Average  =  2.632x  62.43  =  164.32  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  ( 1 0%  PCB)  Run  Date  :  Apr.  25,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 

Specimen  I.D. 

4-1 

4-2 

4-3 

l.Wt.  of  Sample  (g) 

1237.7 

1233.6 

1241.4 

2.Wt  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2 

8728.7 

8724.6 

8732.4 

4.Wt.  of  Sample 
after  Evaluation 

8256.7 

8254.7 

8259.5 

5.{#3  -  #4)    I- 

472 

469.9 

472.9 

6.#l/#5  =S.G 

2.622 

2.625 

2.625 

Standard  Deviation  = 
Range  = 


Average  =  2.624x  62.43  =  163.82  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (10%  PCB)  Run  Date  :  Apr.  25,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

4.5-1 

4.5-2 

4.5-3 

I. Wi  of  Sample  (g) 

1239.2 

1241.4 

1243.2 

2.Wt.  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3-Wt  of#I+#2 

8730.2 

8732.4 

8734.2 

4.Wt.  of  Sample 
after  Evaluation 

8253.3 

8253.7 

8253.9 

5.<#3  -  #4) 

476.9 

478.7 

480.3 

6.#l/#5  =S,G 

2.598 

2.593 

2.588 

Standard  Deviation  = 
Range = 


Average  =  2.593x  62.43  =  161.88  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (10%  PCB)  Run  Date  :  Apr.  25,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5-1 

5-2 

5-3 

LWt  of  Sample  (g) 

1247.6 

1248.2 

1247.8 

2-Wt.of  Pyc.+  Water  ! 

7491.0 

7491.0 

7491.0 

3,Wt.  of #l+#2 

8738.6 

8739.2 

8738.8 

4,Wt.  of  Sample 
after  Evaluation 

8247.7 

8248.3 

8248.7 

5.(#3  -M) 

490.9 

490.9 

490.1 

6.#1/#5=S.G 

2.541 

2.543 

2.546 

Standard  Deviation  = 
Range  = 


Average  =  2.543x  62.43  =  158.76  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  ( 1 0%  PCB)  Run  Date  :  Apr.  25,  1 994 

Tested  by  :  TAESOON  PARK 


P  YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

5.5  - 1 

5.5-2 

5.5  -  3 

l.Wt  of  Sample  (g) 

1256.4 

1245.6 

1251.4 

2.Wi.ofPyc-s-  Water 

7491.0 

7491.0 

7491.0 

3Mt.  of  #l+#2  : 

8747.4 

8736.6 

8742.4 

4.Wi.  of  Sample 
after  Evaluation 

8249.2 

8242.8 

8247.2 

5:(#3-#4). 

498.2 

493.8 

495.2 

6M1M5  =S.G 

2.522 

2.522 

2.527 

Standard  Deviation  = 
Range = 


Average  =  2.524x  62.43  =  157.57  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


P YCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

l.Wt.  of  Sample  (g) 

2.Wt  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3,Wt.  of  #l+#2 

4  Wt.  of  Sample 
after  Evaluation 

5.{#3  _  #4)  ; 

6.#l/#5  =S.G 

Standard  Deviation  = 
Range  = 


Average 


x  62.43 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (15%  PCB)  Run  Date  :  Apr.  28,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

3.5-1 

3.5-2 

3.5-3 

LWt.  of  Sample  (g) 

1228.4 

1231.5 

1235.1 

2.Wt.of.Pyc*  Water 

7491.0 

7491.0 

7491.0 

3;Wtof#l+#2 

8719.4 

8722.5 

8726.1 

4.W1  of  Sample 
after  Evaluation 

8255.1 

8258.2 

8257.2 

5.(#3  -  #4) 

464.3 

464.3 

467.6 

6J1/#5^S.G 

2.646 

2.652 

2.641 

Standard  Deviation  = 
Range  = 


Average  =  2.646x  62.43  =  165.19  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (15%  PCB)  Run  Date  :  Apr.  28,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.  D. 

4-1 

4-2 

4-3 

l.Wt  of  Sample  (g) 

1233.8 

1238.2 

1242.5 

2.Wt.ofPyc.-*-Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of#l+#2 

8724.8 

8729.2 

8733.5 

4.  Wt.  of  Sample 
after  Evaluation 

8253.0 

8252.9 

8257.2 

5.(#3-#4) 

471.8 

476.3 

476.3 

6.#1/#5=S.G 

2.615 

2.600 

2.609 

Standard  Deviation  = 
Range  = 


Average  =  2.609x  62.43  =  162.88  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 

Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (15%  PCB)  Run  Date  :  Apr.  28,  1994 

Tested  by  :  TAESOON  PARK 

PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID; 

4.5  -  1 

4.5  -  2 

4.5  -  3 

l.Wt.  of  Sample  (g) 

1243.3 

1243.3 

1243.7 

2.Wi.ofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3JWtof#l+#2 

8734.3 

8734.3 

8734.7 

4.Wt  of  Sample 
after  Evaluation 

8251.8 

8253.9 

8252.1 

5.<#3  -#4) 

482.5 

480.4 

482.6 

6J1/#5=S.G  : 

2.578 

2.588 

2.577 

Standard  Deviation  = 
Range = 


Average  =  2.581x  62.43  =  161.13  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  ( 1 5%  PCB)  Run  Date  :  Apr.  28,  1 994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD, 

5-1 

5-2 

5-3 

l.Wt  of  Sample(g) 

1250.5 

1246.2 

1248.5 

2.Wt  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wi.of#l+#2 

8741.5 

8737.2 

8739.5 

4.  Wt.  of  Sample    '•• 
after  Evaluation 

8250.8 

8246.7 

8257.5 

Sp3-#4)::; 

490.7 

490.5 

483.1 

6.#l/#5  =S.G 

2.548 

2.541 

2.584 

Standard  Deviation  = 
Range  = 


Average  =  2.545x  62.43  =  158.88  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (15%  PCB)  Run  Date  :  Apr.  28,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

5.5-1 

5.5-2 

5.5-3 

l.Wi.  of  Sample  (g) 

1252.8 

1253.6 

1252.0 

2.Wt  of  Pvc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt  of#l+#2 

8743.8 

8744.6 

8743.0 

4,Wt.  of  Sample:; 
after  Evaluation 

8255.2 

8256.1 

8255.3 

5.<#3-#4)    .: 

488.6 

488.5 

487.7 

6J1/#5=S.G 

2.564 

2.566 

2.567 

Standard  Deviation  = 
Range = 


Average  =  2.566x  62.43  =  160.2  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  Run  Date  :  Jun 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  ID. 

LWt;  of  Sample  :{g)  - 

2.Wt.  of  Pyc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2 

4.Wt.  of  Sample 
after  Evaluation 

5.(*3:-#4)  v 

6.#1/#5=S.G 

Standard  Deviation  = 
Range  = 


Average  =        x  62.43  = 


lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (20%  PCB)  Run  Date  :  May  10,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

3.5-1 

3.5-2 

3.5-3 

l.Wt  of  Sample  <g) 

1228.8 

1234.3 

1230.0 

2.WtofPyc.+  Water 

7491.0 

7491.0 

7491.0 

3-Wt.  of#l+#2 

8719.8 

8725.3 

8721 

4.Wt.  of  Sample 
after  Evaluation 

8256.5 

8261.1 

8257.2 

5.<#3-#4) 

463.3 

464.2 

463.8 

6#1/#5=S.G 

2.652 

2.569 

2.652 

Standard  Deviation  = 
Range = 


Average  =  2.645x  62.43  =  165.13  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (20%  PCB)  Run  Date  :  May  10,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

4-1 

4-2 

4-3 

LWt.  of  Sample  (g) 

1242.9 

1241.1 

1243.1 

ZWt  of  Pyc+ Water. 

7491.0 

7491.0 

7491.0 

3.Wt.  of  #l+#2  ; 

8733.9 

8732.1 

8734.1 

4  .Wt  of  Sample 
after  Evaluation 

8258.4 

8258.4 

8258.7 

5.(#3-  #4)  s 

475.5 

473.7 

475.4 

6.#l/#5  =S.G 

2.619 

2.620 

2.615 

Standard  Deviation  = 
Range  = 


Average  =  2618x  62.43  =  163.44  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (20%  PCB)  Run  Date  :  May  10,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD. 

4.5-1 

4.5-2 

4.5-3 

LWt.  of  Sample  (g)   < 

1243.2 

1244.7 

1250.5 

2:Wt  of  Pvc.+ Water 

7491.0 

7491.0 

7491.0 

3.Wtof#I+#2 

8734.2 

8735.7 

8741.5 

4;Wt  of  Sample 
f after  Evaluation 

8256.2 

8256.2 

8260.1 

5.{#3-#4) 

478.0 

479.5 

481.4 

:6:#1/&5~S;G 

2.601 

2.596 

2.598 

Standard  Deviation  = 
Range = 


Average  =  2.598x  62.43  =  162.19  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (20%  PCB)  Run  Date  :  May  10,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  LD.   :: 

5-1 

5-2 

5-3 

LWt  of  Sample  <g)  ; 

1249.3 

1253.5 

1249.2 

■2.Wt  of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt.of#l+#2 

8740.3 

8744.5 

8740.2 

4  :Wt  of  Sample 
after  Evaluation 

8259.4 

8262.2 

8252.8 

sxm'-m-r 

480.9 

482.3 

487.4 

6.#1/#5=S.G    : 

2.598 

2.599 

2.563 

Standard  Deviation  = 
Range  = 


Average  =  2.581x62.43  =  161.13  lbs/ft3 
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LABORATORY  TEST  PROCEDURE 

FOR 

MAXIMUM  THEORETICAL  SPECIFIC 

GRAVITY  OF  COMPACTED  SPECIMEN 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  (20%  PCB)  Run  Date  :  May  10,  1994 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.D. 

5.5-1 

5.5-2 

5.5-3 

1  .Wl  of  Sample  (g) 

1256.9 

1254.3 

1254.0 

2.Wt.of  Pyc.-J-  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of#l+#2 

8747.9 

8745.3 

8745.0 

4.Wt.  of  Sample 
after  Evaluation 

8257.7 

8255.8 

8257.0 

5:(#3-#4) 

490.2 

489.5 

487.9 

6#1/#5=S.G 

2.564 

2.562 

2.570 

Standard  Deviation  = 
Range = 


Average  =  2.560x  62.43  =  159.82  lbs/ft3 


Laboratory  :  Indiana  Department  of  Transportation  Division  of  Research  Lab. 
Type  of  Mix  :  AC-20  Run  Date  :  Jun. 

Tested  by  :  TAESOON  PARK 


PYCNOMETER  SPECIFIC  GRAVITY  DETERMINATION 


Specimen  I.  D 

l.Wt.  of  Sample  (g) 

2.Wt;of  Pyc.+  Water 

7491.0 

7491.0 

7491.0 

3.Wt.  of*l+#2 

4.  Wt.  of  Sample 
after  Evaluation 

SXm  -#4)  . •  = 

6.#l/#5  =S.G 

Standard  Deviation  = 
Range  = 


Average  =        x  62.43  = 


lbs/ft3 


APPENDIX  D 
Summary  of  the  Marshall  Test  Results  and  Mixture  Properties 
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Test  Results  and  Mix  Properties  for  Marshall  Mot  Design 

AC-1 0,  75  blow*. 

PCB  Content :  0% 

Date  Tsted  :  May  27  1994      Tested  by  :TAESOON  PARK 


Sample  No. 

Asphalt 

Content 

Weignt  in 
Air  (g) 

Weignt  in 
Water  (g) 

SSD(g) 

Volume(cm3) 

Bulk  Specrtic 
Gravity 

Max.Theor 
Gravity 

Air  Void 

VMA 

Voids 
Filled 

Measured 
Stability  (lb) 

Flow 

1          !      3  ;> 

1222.2 

724.2 

1235.1 

2.392 

2.634 

2675 

2 

3.5 

1224 

722.6 

1236.7 

2.381 

2.633 

2775 

3 

3.5 

1230.5 

727 

1241.9 

2.390 

2.627 

2600 

Average 

2.386  I         2.631 

9.2 

14.3 

35 

2683 

10  I 

1 

4 

1234.2 

727.1 

1242.7 

2.394^        2.604 

2650 

2 

4 

1232.3 

727.4 

1238.7 

2.410  I         2.604 

2950 

3 

4 

1231.4 

727.1 

1239.1 

2.405  I         2.595 

2785 

Average    I 

2.403  I         2  601 

7.6  114.2 

46.5 

2795 

11.8 

l           j      4.5 

1245.2 

734.1 

1250.5 

2.411 

2.594 

2650 

2 

4.5 

1246.3 

736.3 

1251.2 

2420 

2.593 

2550 

3 

4.5 

1240.2 

735 

1243.8 

2.438 

2.593 

2250 

Average 

2.423 

2.593 

6.6  1 13.9 

52.5 

2483 

13.5 

1                   5 

1243.6 

734.2 

1247.8 

2.421   I        2.565 

2200 

2 

5 

1243.7 

735.7 

1246  4 

2.435  1        2.582 

2200 

3 

5 

1243.6 

736 

1246.4 

2.437  |         2.563 

2160 

Average    | 

2.426  1         2.570 

5.6  114.3 

60.8 

2187 

14 

1 

5.5 

1236.2 

731.3 

1237.9 

2.440  |        2.548 

1900 

2 

5.5 

1253.6 

743.9 

1255.4 

2.451   j        2.548 

2125 

3 

5.5 

1254.5 

742.5 

1256.1 

2.443  1        2.549  | 

2250 

Average 

2.445   1          2.548 

4.1    |     14 

70.7 

2092 

14.6  |1 

Test  Results  and  Mix  Properties  for  Marshall  Mix  Design 

AC-10,  75  blows, 

PCB  Content :  5% 

Date  Tsted  :  June  2  1994      Tested  by  :TAESOON  PARK 


Sample  No. 

Aspnalt 
Content 

Weight  in 
Air(g) 

Weight  in 
Water  (g) 

SSO(g) 

Volume(cm3) 

Bulk  Specific 
Gravity 

MaxTheor 
Gravity 

Air  Void 

VMA 

Voids 
Filled 

Measured 
Stability  (lb) 

Flow 

1 

3.5 

1225.1 

724.5 

1236.6 

2.392 

2.642 

2675 

2 

3.5 

1230.3 

728.5 

1241.3 

2.399 

2.636 

2350 

3 

3.5 

1234.6 

729.6 

1247.9 

2.382 

2.630 

2525 

Average 

2.391 

2.636 

9.3 

14.2 

34.5 

2517 

10  | 

1 

4 

1242 

731.1 

1248.1 

2.402 

2-621 

2200 

2 

4 

1235 

728 

1242.5 

2.400 

2.616 

2150 

3 

4 

1240.6 

734 

1246.3 

2.422 

2.615 

2225 

Average 

1 

2.408 

2.617 

8.0 

14 

42.9 

2192 

11.5 

4.5 

1242.4 

732.9 

1245.8 

2.422 

2.586 

2500 

2 

4.5 

1236.3 

727.7 

1241.2 

2.408 

2.593 

2425 

3 

4.5 

1243.3 

730.7 

1248.4 

2.402 

2.584 

2400 

Average 

2.410 

2.588 

6.8 

14.4 

52.1 

2442 

12.6 

1 

5 

1 242.2 

730.1 

1244.8 

2.413 

2.565 

2125 

2 

5 

1243.3 

732.2 

1246.8 

2.416 

2.580 

2250 

3 

5 

1247 

735.1 

1249.7 

2.423 

2.565 

2250 

Average 

2.417 

2.570 

60 

14.7 

59.2 

2208 

14.5 

1 

5.5 

1250.6 

735.4 

1253.3  | 

2.415 

2.552 

2100 

2 

5.5 

1250.1 

737.5 

1253.8 

2.421 

2.555 

2125 

3 

•    5.5 

1247 

734.1 

1250.8 

2.413 

2.553 

2080 

Average 

2.416 

2.553 

5.4 

15.1 

64.2 

2102 

14  6 
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Test  Results  and  Mb  Propertiss  tor  Marshall  Mix  Design 

AC-10,  75  blows, 

PC8  Contort:  10% 

Data  Tstad  :  June  2  1  094      Tested  by  :TAESOON  PARK 


Sample  No. 

Asphalt 
Content 

Weight  m 
Alr(g) 

Weight  n 
Water  (g) 

SSO(o) 

Voiume(cm3) 

Bulk  Specifcl  Max,Theor 
Gravity           I  Gravity 

As  Void 
<%) 

VMA 

Void* 
Filled 

Measured 
StaMRyOb) 

Ftowlj 

1 

3.5 

1232.6 

730.4 

1246.9 

■  2.386 

2.642 

2250 

1 

2 

3.5 

1233 

731.7 

1245.4 

2.400 

2.636 

2350 

| 

3 

3.5 

1231.1 

726.8 

1246.2 

2.371 

2.630 

2300 

| 

Average 

2586 

2.638 

85 

14.3 

33.6 

2300 

11.9  | 

1 

4 

1236.2 

730.2 

1244.7 

'      2.403 

2.621 

2330 

g 

!          2 

4 

1240.2 

734 

1248.2 

2.412 

2.616 

2315 

1 

3 

4 

1240.4 

734.9 

1251.3 

2402 

2.615 

2380 

| 

Average 

2.408 

2.617 

8.0 

14 

42.9 

2342 

12-5  8 

1 

4.S 

1243.2 

722.4 

1253.7 

2.340 

2.586 

2220 

™J 

2 

4.5 

124S.8 

730.9 

1253.8 

L            2.384 

2.593 

2226 

I 

3 

4.5 

1245.2 

728.3 

1252.3 

2.376 

2.584 

2245 

| 

Average 

2.367 

2.588 

8.5 

14.4 

52.1 

2230 

13.5  1 

1 

5 

1250 

737.2 

1254.4 

2.417 

2.565 

2262 

| 

!          2 

5 

1247.8 

730.4 

12525 

2.3S1 

2.580 

2268 

I 

3 

5 

1241 J 

733.3 

12445 

2.428 

2.565 

2256 

| 

Average 

2.411 

2.570 

6.2 

14.9 

58.4 

2262 

14 

i 

5.5 

1251.5 

746.7 

1255 

2.462 

2.552 

2250 

2 

5.5 

1250.5 

740.9 

1253 

2.442 

2555 

2250 

3 

5.5 

1248 

738.3 

1248.6 

2.442 

2.553 

i 

2050 

Average 

2.449 

2.553 

4.1    |l3.S 

70.5 

2183 

Test  Result*  and  Mix  Properties  tor  Marshall  Mix  Design 

AC-10.  75  blows, 

PC5  Content :  15% 

Date  Tsted  :  June  7  1994      Tested  by  iTAESOON  PARK 


Sample  No. 

Asphalt 
Content 

Wegntm 
Air(g) 

Weight  si 
Water  (g) 

SSD(B) 

Volume(cm3) 

BulK  Speede 
Gravity 

MaxTheor 
Gravity 

Air  Void 
(%) 

VMA 

Voids 
Filed 

Measured 
StabaityOb) 

Flow 

1 

3.3 

1229.3 

728.2 

1250.1 

2.355 

2.652 

2359 

2 

3.5 

1230.8 

728.9 

1252.4 

2551 

2.641 

2390 

3 

3.5 

1233.7 

732.1 

1252.6 

2570 

2.646 

2420 

Average 

2559 

2.648 

10.9 

155 

28.8 

2390 

11 

1 

4 

1239.8 

732.5 

1252.8 

2.383 

2.622 

2384 

2 

4 

1240 

730 

1253 

2571 

2.621 

2400 

3 

4 

1237.1 

730.2 

1252.7 

2568 

2.621 

2365 

Averaae 

2.374 

2.621 

S.4 

155 

38.2 

2383 

12 

1 

4.5 

1245.6 

730.1 

1254.7 

2574 

2.612 

2260 

2 

4.5 

1240.9 

729.5 

1247.8 

2.394 

2.604 

2240 

3 

4.5 

1244.1 

732.7 

1251.7 

2.397 

2.603 

2249 

Average 

2589 

2.606 

8.4 

155 

44.7 

2250 

135 

1 

5 

1249.3 

734.8 

1255.8 

2598 

2.585 

2350 

2 

5 

1249.3 

736.8 

1254.4 

2.414 

2.584 

2360 

3 

5 

1251.3 

738.3 

1255.9 

2.408 

2.587 

2345 

Average 

2.417 

2.585 

6.5 

14.7 

55.8 

2352 

13.7 

1 

5.5 

1256.4 

739.2 

1259.5 

2.415 

2.571 

2500 

2 

5.5 

1254.2 

739.1 

1257.4 

2.420 

2.573 

2459 

3 

5.5 

1250.7 

738.1 

1253.8 

2.425 

2.559 

2450 

Average 

2.418 

2.568 

5.9 

15.1 

60.9 

2470 

14.1 
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Tut  Results  and  Mix  Properties  for  Marshall  Mix  Design 

AC-10.  75  blows. 

PCS  Content :  20% 

DsleTrtod  :  J  urn  7  1994      Tested  by  :TAESOON  PARK 


Sampt*  No. 

Asphalt 
Content 

Wegntn 
Air(g) 

Wetgnttn 

2 

SS0(g) 

Volume(cm3) 

Bulk  Specific 
Gravity 

Max,Trwor 
Gravity 

Air  Vend 
(%) 

VMA 

Voids 

Filled 

Measured 

Stability  (lb) 

Flow 

1 

3.5 

1232.1 

720.3 

1255.5 

2.342 

2.653 

2265 

2 

3.5 

1232.1 

731.8 

1252.5 

2.366 

2.653 

2250 

3 

3.5 

1231.9 

731 

1256  J 

2.345 

2.654 

2250 

Average 

2.351 

2.653 

11.4 

14.7 

32 

2255 

11 

1 

4 

1244.6 

734.5 

1259.4 

2.371 

2.629 

2200 

2 

4 

1237 

731.7 

1255.3 

2.362 

2.631 

2150 

3 

4 

1244.7 

733.9 

1280.4 

2.364 

2.632 

21 85 

Average 

2.366 

2.631 

10.1 

14.6 

41.1 

2178 

12 

1 

4.5 

1242.8 

730.4 

1253.9 

2.374 

2.616 

2120 

2 

4.5 

1242.1 

732 

1252.3 

2.387 

2.613 

2145 

3 

4.5 

1242.1 

732.8 

1253.8 

2.384 

2.617 

2110 

Average 

2.382 

2.615 

8.9 

14.1 

48.9 

2125 

13 

1 

5 

1252 

736.5 

1259.2 

2.335 

2.597 

2440 

2 

5 

1247.8 

733.5 

1255.9 

2.389 

2.595 

2380 

3 

5 

1251 

739 

1259.1 

2.405 

2.601 

2380 

Average 

2.395 

2.598 

7.8 

14.2 

58.5 

2400 

14 

1 

5.5 

1257.5 

737.2 

1262.2 

2.395 

2.581 

2400 

2 

5.5 

1254.2 

737.8 

1259.8 

2.403 

2.582 

2410 

3 

5.5 

1256.5 

743.5 

1260.5 

2430 

2.577 

2410 

Average 

2.409 

2.580 

6.6 

14.3 

65 

2407 

14 
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Test  Results  and  Mix  Properties  lor  Marshall  Mix  Design 

AC-10,  75  blows. 

CARBON  BLACK  Content  :5% 

Date  Tsted  : June  1 0  1 994      Tested  by  :TAESOON  PARK 


ISample  No. 

Aspnalt 
Content 

Weignt  m 
Air  to) 

Weight  in 
Water  (a) 

SSD(g) 

Volume(cm3) 

Bulk  Specific 
Gravity 

Max-Theor 
Gravity 

Air  Void 

VMA 

Voids 

Filled 

Measured 

Stability  (lb) 

Flow 

1 

3.5 

1227.6 

724.2 

1244 

2.362 

2.640 

2250 

2 

3.5 

1226.8 

727.2 

1241.6 

2.385 

2.642 

2250 

3 

3.5 

12242 

725.8 

1239.9 

2.381 

2.642 

2240 

Average 

2276 

2.641 

10.0 

14.7 

32 

2247 

12.8 

1 

4 

1237.8 

727 

1245.3 

2.388 

2.617 

2275 

2 

4 

1238 

729.9 

1246.7 

2.396 

2.619 

2300 

3 

4     ■ 

1238 

735.3 

12432 

2.437 

2.613 

2300 

Averaoe 

2292 

2.616 

6.6 

14.6 

41.1 

2292 

13.2 

1 

4.5 

1241.5 

730.4 

1247.3 

2.402 

2.599 

2250 

2 

4.5 

1239.7 

735.1 

1244 

2.436 

2.602 

2200 

3 

4.5 

1231.5 

726.6 

1241.5 

2292 

2.623 

2450 

Average 

2.419 

2.608 

7.2 

14.1 

48.9 

2300 

13.4 

1 

5 

1242.7 

735.6 

1247.3 

2.429  |         2.582 

2440 

2 

5 

1240.4 

733.7 

1244.6 

2.428 

2.583 

2425 

3 

5 

1240.8 

736 

1245.2 

2.437 

2.583 

2300 

Average 

2.431 

2.583 

5.9 

14.2 

58.5 

2389 

13.8 

5.5 

1241.9 

736 

1246.4 

2.433 

2.566 

2100 

2 

5.5 

1247.9 

740 

1251.2 

2.441 

2.563 

2100 

3 

5.5 

1244.8 

734.8 

1249.1 

2.420 

2.567 

2300 

|    Average 

2.437 

2.566 

5.0 

142 

65 

2167 

14 

Test  Results  and  Mix  Properties  for  Marshall  Mix  Design 

AC-10,  75  blows, 

CARBON  BLACK  Content :  10% 

Date  Tsted  :June  1 2  1 994      Tested  by  :TAESOON  PARK 


Sample  No. 

Aspnalt 
Content 

Weight  in 
Air(g) 

Weight  in 
Water  (g) 

SSD(g) 

Volume(cm3) 

Bulk  Specific 
Gravity 

MaxTheor 
Gravity 

Air  Void 
(%) 

VMA 

Voids 
Filled 

Measured 

Stabilrtv(lb) 

Flow] 

1 

3.5 

1237.9 

732.5 

1252.8 

2.379 

2.643 

2395 

2 

3.5 

1234.7 

730.7 

1252.4 

2267 

2.642 

2400 

3 

3.5 

1234.4 

728.6 

1246.7 

2.383 

2.645 

2350 

Averaoe    | 

2.376 

2.643 

10.1 

14.7 

31.3 

2382 

12.8  I 

1 

1238.9 

728.7 

1247.8 

2.367 

2.624 

2413 

I 

2 

4 

12342 

727.8 

1243.7 

2.393 

2.628 

2375 

3 

4 

1239.9 

728.7 

1248.7 

2284 

2.622 

2450 

|    Average    1 

2292 
2401 

2.625 

8.9 

14.6 

39 

2413 

13  I 

1 

4.5 

1233.7 

726.2 

1240 

2.611 

2350 

1          2 

4.5 

1229.7 

721.5 

1236.1 

2.390 

2.609 

1950 

1          3 

4.5 

1244  4 

735.6 

1247.9 

2.429 

2.604 

2360 

|    Average 

i          1 

2.419 

2.608 

72 

14.1 

46.9 

2355 

13.2  | 

5 

1244.9 

735.9 

1249.4 

2.424 

2.589 

2240 

2 

5 

1250.5 

742.5 

1254.7 

2.441 

2.588 

2100 

3 

5 

1243.9 

735.5 

1247.6 

2.429 

2.588 

J    Average    I 

2.431 

2.588 

6.1 

14.2 

57 

2295 

13.7  1 

1 

5.5 

1243.7 

737.1 

1247.1 

2.439 

2.571 

2375 

2 

5.5 

1251.2 

742.1 

1253.7 

2.446 

2.568 

2300 

3 

5.5 

1251.9 

742.9 

1254.5 

2.447 

2.567 

2150 

|    Average 

2.437 

2.569 

5.1 

14.3 

64.3 

2275 

13.9  | 
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Test  Results  and  Mix  Properties  lor  Marshall  Mtx  Design 

AC-10.  75  blows, 

CARBON  BLACK  Content :  15% 


.SUUN  K 

AHK 

; Sample  No. 

Asphalt 
Content 

Weignt  m 
Air(B) 

Weight  m 
Water  (g) 

SSD(a) 

Volume(em3) 

Bulk  Specific 
Gravity 

MaxTheor 
Gravity 

Air  Void 

VMA 

Voids 
Faied 

Measured 
Stability  (lb) 

Flow 

1 

3.5 

1238.6 

732.6 

1258.3 

2.356 

2.643 

2400 

2 

3.5 

1233.1 

730.5 

1250.7 

2.370 

2.650 

2475 

3 

3.5 

1232  £ 

729.2 

1252.7 

2.354 

2.644 

2375 

|    Average 

2.360 

2.646 

10.8 

15.3 

29.4 

2417 

12.8  | 

1          1 

4 

1240.2 

730.9 

1251.3 

.      2.383 

2.628 

2625 

2 

4 

1238.1 

729.2 

1252.3 

2.367 

2.631 

2525 

3 

4 

1235.7 

726.8 

1247.B 

2.372 

2.631 

2500 

|    Average 

2.373 

2.630 

9.8 

15.3 

36 

2550 

13 

1          1 

4.5 

1233.3 

725.3 

1239.9 

2.397 

2.612 

2800 

2 

4.5 

1233.5 

726.6 

1240.8 

2.399 

2.616 

2550 

3 

4.5 

1244.4 

734.6 

1250.4 

2.413 

2.606 

2625 

|    Average 

2.403 

2.611 

8.0 

14.7 

45.6 

2659 

13.2 

I          ] 

5 

1247.3 

736.5 

1251.9 

2.420 

2-594 

2525 

2 

5 

1246.3 

736.9 

1251 

2.424 

2.593 

2600 

3 

5 

1244.4 

733.5 

1248.5 

2.416 

2.592 

2490 

1    Average 

2.420 

2.593 

6.7 

14.6 

54.1 

2539 

13.4  J 

1 

5.5 

1254.3 

743.6 

1258.2 

2.437 

2.574  T 

2450 

I          2 

5.5 

1249.7 

738.6 

1255  | 

2420 

2.578 

2550 

3 

5.5 

1254.7 

740.3 

1258.3  | 

2.422 

2.570 

2850 

Average    1 

2.426 

2.574 

5.7 

14.7 

61 2 

2500 

13.6 

Test  Results  and  Mix  Properties  tor  Marshall  Mrx  Design 

AC-1 0,  75  blows, 

CARBON  BLACK  Content :  20% 

Date  Tsted  :  June  1 4  1 994     Tested  by  :TAESOON  PARK 


(Sample  No. 

Asphalt 
Content 

Weight  in 
Air(g) 

Weight  in 
Water  (g) 

SSD(g) 

Volume(cm3) 

Bulk  Specriic 
Gravity 

MaxTheor 
Gravity 

Air  Void 
(%) 

VMA 

Voids 

Filled 

Measured 
Stability  fib) 

Flow 

1 

3.5 

1226.3 

727.5 

1252.2 

2.337 

2.655 

2 

3.5 

1226.3 

727.5 

1252.5 

2.336 

2.655 

2575 

3 

3.5 

1229.9 

731.5 

1252.4 

2.361 

2.655 

2725 

Average 

1 

1257.3 

2.360 
2.371 

.    2.655 
2.630 

11.1 

15.3 

27.5 

2600 

12 

4 

1242.4 

733.3 

2750 

2 

4 

1239.1 

734.4 

1257.6 

2.368 

2.628 

2575 

3 

4 

1232.9 

7275 

12486 

2.368 

2.626 

2590 

I    Average 

729 

2.369 

2.385 

2.628 

9.9 

15.4 

35.7 

2689 

12.5 

1          i 

4.5 

1240.2 

1249  | 

2.613 

2550 

2 

4.5 

1243.3 

734.8 

1252.4 

2402 

2.610 

2300 

3 

4.5 

1244 

733.6 

1250.2 

2.408 

2.612 

2560 

|    Average 

1250.4 

735.9 

2.398 

2.612 

8.2 

14.9 

45 

2470 

12  7 

1      i 

5 

1256.9 

2.400 

2.590 

2425 

2 

5 

1248  6 

737.2 

1254.3 

2.415 

2.593 

2300 

3 

5 

1248.5 

736 

1253.5   | 

2.413 

2.590 

2375 

|    Averaae 

1253.8  | 

2.409 
2.426 

2.591 

7.0 

15 

53.3 

2367 

13 

1          1 

5.5 

1249.9 

738.6 

2.577 

2250 

2 

5.5 

1249.8 

741.1 

1253.3 

2  440 

2.573 

2225 

3 

5.5 

1251.7 

745.7 

1254  7 

2  459 

2.576 

2125 

I    Average 

2420 

2  575 

60 

14.9 

59.7 

2200 

13.5  | 
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Test  Results  and  Mix  Properties  for  Marshall  Mix  Design 

AC-20.  75  blows, 

PCB  Content :  0  % 

Date  Tsted  :March  1 7. 1994    Tested  by  :TAESOON  PARK 


Sample  No. 

Asphalt 
Content 

Weight  in 
Air(g) 

Weight  tn 
Water  (g) 

SSD(g) 

Volume(cm3) 

Bulk  Specific 
Gravity 

Max.Theor 
Gravity 

Air  Void 
(%) 

VMA 

Voids 
Filled 

Measured 

Stabilrty(lb) 

Flow 

1 

3.5 

12,-2.7 

723.5 

1236.3 

2.384 

2.635 

2650 

2 

3.5 

1228.2 

723.8 

1240.8 

2.376 

2.610 

2790 

3 

3.5 

1232.8 

728.1 

1246.7 

2.377 

2.591 

2500 

Average 

2.379 

2.612 

8.9 

14.6 

39 

2648 

11.8 

1 

4 

1228.8 

724.9 

1234.8 

2.410 

2.563 

2625 

■  ■■ 

2 

4 

1239.9 

730.7 

1245.3 

2.409 

2.594 

2650 

3 

4 

1238  4 

728.8 

1244.9 

2.400 

2.592 

2675 

Average 

2.410 

2.583 

6.7 

14 

52.1 

2725 

13.2 

1 

4.5 

1237.6 

731.4 

1241.7 

2.425 

2.559 

2975 

2 

4.5 

1234.7 

726.7 

1238.7 

2.412 

2.534 

2690 

3 

4.5 

1239.5 

732 

1242.7 

2.427 

2.528 

2975 

Averaae 

2.421 

2.540 

4.7 

14.1 

66.7 

2792 

13.8  1 

5 

1243.2 

736.4 

1247 

2.435 

2.492 

2175 

2 

5 

1239.1 

734.2 

1242.8 

2.436 

2.494 

2225 

3 

5 

1239.9 

731.9 

1243.4 

2.424 

2.494 

Average 

2.432 

2.493 

2.5 

14.2 

82.4 

2200 

15.3 

1             1       5.6 

1246.3 

739.1 

1249.3 

2.443 

2.462 

2060 

2 

5.5 

1251 

741.3 

1254.2 

2.439 

2.467 

1970 

3 

5.5 

1252.3 

739.9 

1254.7 

2.433 

2.471 

1800 

Average 

2.438 

2.467 

1.2 

14.3 

91.6 

1977 

19 

Test  Results  and  Mix  Properties  lor  Marshall  Mix  Design 

AC-20.  75  blows, 

PCB  Content  :5  % 

Date  Tsted  :  Aor.20 1994    Tested  by  :Taesoon  Park 


Sample  No. 

Asphalt 
Content 

Weight  m 
Air  (g) 

Weight  m 
Water  <g) 

SSD(g) 

Volume(em3) 

Bulk  Specific 
Gravity 

MaxTneor 
S.G. 

Air  Void 
(%) 

VMA 

Voids 
Filled 

Measured 

Stability  (lb) 

Flow  I 

1 

3.5 

1227.8 

725 

1243.9 

2.366 

2.636 

2375 

2 

3.5 

1233.4 

731.2 

1247.8 

2.387 

2.631 

2200 

3 

3.5 

1228.3 

726.7 

1244.2 

2.373 

2.632 

2375 

Average 

i 

1229.8 

2.375 

2.633 

9.8 

14.7 

33.3 

2317 

12.-6 

4 

1241.5 

731.4 

1248.6 

2.4 

2.607 

2550 

1 

2 

4 

1239.2 

732.5 

1249.2 

2.398 

2.617 

2425 

3 

4 

1236.2 

730.4 

1244.3 

2.4 

2.614 

2425 

Average    | 

1239.0 

2.4 

2.616 

8.3 

14.3 

42 

2467 

13.8 

1           J      4.5 

1240.9 

729.2 

1245.1 

2.405 

2.588 

25S0 

2 

4.5 

1222.4 

717.5 

1226.3 

2.403 

2.586 

2425 

3 

4.5 

1241.2 

732.6 

1245.9 

2.418 

2.575 

2275 

Averaae    1 

1234.8 

2.409 

2.583 

6.7 

14.5 

53.8 

2417 

12.4 

1          1           I        5 

1245.4 

737.3 

1248.8 

2.435 

2.573 

2300 

2 

5 

1243.9 

734.8 

1247.7 

2.425 

2.572 

l^_        2225 

3 

5 

1244.4 

735.2 

1248.2 

2.426 

2.568 

2225 

Average    I 

1244.6 

2.429 

2.571 

5.5 

14.3 

61.5 

2250 

12.2 

1 

5.5 

1250 

741.6  |1253.1 

2.444 

2.543 

1900 

2 

5.5 

1248.3 

740 

1251.4 

2.44 

2.536 

1950 

3 

5.5 

1251 

740 

1253.7 

2.435 

2.537 

2000 

|    Average 

1249.8 

2.44 

2.539 

3.9 

14.2 

72.5 

1925 

154 

264 


Test  Resuia  and  Mu  Prcpersea  tor  Marsnall  Mm  Design 

AC-20.  75  blow*. 

PCB  Content:  10% 

Data  Tjted  :  Aor.25  1994.  Tested  by  :  Taesoon  Park 


Sampie  No. 

AspnaJt 
Content 

W*gru  in 
Air<g) 

waignt  m 
Watar  (g) 

SSD(9) 

Voiume(cm3) 

BjU  Specific 
Gravity 

Mitintor 
Gravity 

Air  Void 
<%> 

VUA 

VOOS 
Fill  ad 

Measured 
Slabilityflb) 

flOw  J 

1 

3.5 

1230.5 

728.7 

1250.5 

2  35* 

2635 

2275 

i 

2 

3.5 

1232.2 

730.3 

1251.3 

2-365 

2.632 

2300 

'' 

3 

3.5 

1234.2 

729.9 

1251.1 

2-368 

2.628 

2200 

Average 

2.364 

2.632 

10.2 

15.1 

32.5 

2425 

13  1 

1 

A 

1237.7 

730 

1250 

2.360 

2.622 

2600 

| 

: 

4 

1235 J 

727.6 

1248  1 

2.375 

2.62S 

j 

3 

4 

1243  4 

732.8 

1256.1 

2.378 

2625 

237S 

AvflTBOS 

2.377 

2598 

85 

15  1 

43.7 

2488 

12.9  1 

l 

4  5 

1241 

728  4 

1247.8 

2.389 

2.598 

2575 

| 

2 

4.6 

1244  4 

732.6 

12S1.6 

2  399 

2-593 

2425 

3 

45 

1247.3 

734.8 

1254.1 

2  402 

2  588 

2430 

Averaoe 

2.397 

2593 

7.8 

14.9 

49 

2477 

14.2  1 

1          i 

5 

1250  7 

7364 

1256  1 

2407 

2.541 

2250 

2 

5 

1251.1 

7383 

12558 

2418 

2543 

2350 

3 

5 

1248.5 

7344 

1253.8 

2.404 

2.546 

2450 

1    Averaoe     ! 

1 

2.409 

2.543 

5.3 

15 

64.7 

2325 

|  13.2  | 

|          l 

55 

1258.B 

7414 

1262.2 

2.417 

2.S22 

1900 

1           2 

5.5 

12497 

739B 

1253.8 

2.431 

2  522 

2000 

3 

5.5 

I      12S24 

740.5 

12S5.S 

2.431 

2.527 

2375 

|     Average     ( 

2.427 

2.S24 

3.8 

14 .7  |  73.5 

2092 

14.6   | 

Test  Results  ana  Mix  Properties  for  Marsnall  Mu  Design 

AC-20,  75  blow, 

PCB  Content:  15% 

Date  TsteC  :  Asr.  26  199-1.    Tested  bv  :  Taesson  Parte 


Sample  no 

Aspnajt 
Ccntem 

weigra  in 
Air(g) 

Weigni  in 
Water  (g) 

SSDig) 

Vaumeicm3j 

Buik  Specific 
Gravity 

MaxTneor 
Gravity 

Air  Void 
(%) 

VUA 

voas 
Rued 

Measured 
Stability  (lb) 

flOW 

1 

3.5 

1229.8 

730.3 

1249.8 

2.367 

2646 

2400 

2 

3.5 

1232.7 

732.5 

1252.5 

2.371 

2.652 

2575 

3 

35 

1237.9 

7338 

1257.8 

2.362 

2641 

2500 

Avenge 

1 

1237.2 

729.1 

2J3S7 

2.646 

10.6 

15 

29.3 

2492 

10.6  | 

4 

1254.7 

2JJ54 

2.615 

2415 

2 

4 

1239.6 

731.6 

1254.6 

2J69 

2602 

2525 

3 

4 

1244.5 

734  1 

1256.2 

2J384 

2609 

2950 

Averaoe     1 

2.369 

2.609 

8.2 

154 

40.3 

2580 

124   I 

1            |      4.5 

1244  1 

731.6 

12544 

2381 

2.578 

2600 

I 

2 

4.5 

1243.5 

732.3 

12544 

2J382 

2.588 

2450 

3 

4.5 

12446 

731.5 

1252  6 

2388 

2577 

2520 

|     Average     I 

2.384 

2581 

7.6 

154 

50 

2599 

11.2  | 

I           l 

5 

1250.2 

733  7 

1256.3 

2.392 

2.564 

2550 

1 

2 

5 

1249  4 

732.2 

1256 

2385 

2.566 

2450 

3 

5 

1252.7 

738 

1257  7 

2410 

2.567 

2515 

|    Averaga 

|          l 

55 

1251 

2.396 

2.566 

6.6 

15.4 

57.1 

2505 

14.6   | 

737.2 

1254.8 

2.417 

2.548 

2500 

2 

55 

1254.5 

738.6 

1259.3 

2409 

2J41 

2450 

3 

5.5 

1254.1 

1          737.S 

1256.7 

2.406 

2.548 

2500 

Average 

2411 

2.546 

5.3 

15.2 

65.1 

2230 

136  j 
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Test  Results  end  Mix  Properties  for  Marshall  Mix  Design 

AC-20,  75  blows, 

PCB  Content :  20  % 

Date  Tsted  :  May  1 0  1 994 ,  Tested  by  :Taesoon  Park 


Sample  No. 

Asphalt 
Content 

Weight  in 
Air  (g) 

Weight  m 
Water  (g) 

SSD(g) 

Volume(cm3) 

Bulk  Specific 
Gravity 

MaxTheor 
Gravity 

Air  Void 
<%) 

VMA 

Voids 
Filled 

Measured 

Stability  (lb) 

Flow  | 

1 

3.5 

1233 

730.8 

1259.4 

2.333 

2.652 

2500 

| 

2 

3.5 

1238.9 

731.9 

1260.5 

-2.344 

2.659 

2500 

| 

3 

3.5 

1235.7 

730.2 

1257.4 

2.344 

2.652 

2625 

I 

Average 

2.340 

2.654 

11.8 

16 

26.3 

2542 

12.6  1 

1 

4 

1249.3 

736.7 

1262.1 

2.378 

2.619 

2675 

j 

2 

4 

1242.3 

733.7 

1261.6 

■     2.353 

2.620 

2725 

I 

3 

4 

1245.2 

735.9 

1260.9 

2.372 

2.615 

2625 

Average 

2.368 

2.618 

9.6 

15.5 

38.1 

2675 

12.4  | 

1 

4.5 

1245.3 

732.9 

1255.6 

2.382 

2.601 

2675 

J 

2 

4.5 

1246.1 

735.1 

1257.4 

2.386 

2.596 

2735 

I 

3 

4.5 

1252.2 

738.9 

1265.1 

2.380 

2.598 

2625 

I 

Average 

2.383 

2.598 

8.3 

15.4 

46.1 

2675 

12.4    | 

1 

5 

1251.4 

734.6 

1258.3 

2.390 

2.581 

2650 

I 

2 

5 

1255 

738.2 

1262.3 

2.395 

2.582 

2425 

I 

3 

5 

1251.1 

736 

1257.1 

2.401 

2.581 

2300 

Averaoe 

2.395 

2.581 

7.2 

15.5 

53.5 

2600 

12.4 

1 

5.5 

1259.6 

741.1 

1264.8 

2.405 

2.564 

2500 

| 

2 

5.5 

1256 

742.7 

1261.6 

2.421 

2.562 

2450 

3 

5.5 

1255.7 

738.7 

1259.9 

2.409 

2.570 

|    Average 

'■  -"-in  i 

2.412 

2.565 

6.0 

15.2 

60.5 

2459 

13.8  ] 

Test  Results  and  Mix  Properties  for  Marshall  Mix  Design 

AC-20.  75  blows. 

CARBON  BLACK  Content :  10% 

Date  Tsted  S/16'1994  Tested  by  :TAESOON  PARK 


Sampte  No. 

Asphalt 
Content 

Weight  m 
Air(g) 

Weight  in 
Water  (g) 

SSD(g) 

Volume(cm3) 

Bulk  Specific 
Gravity 

MaxTheor 
Gravity 

Air  Void 
(%) 

VMA 

Voids 
Filled 

Measured 

Stability  (lb) 

Flow 

1 

3.5 

1227.8 

724.8 

1242.7 

2.371 

2.626 

2250 

2 

3.5 

1237.6 

732.7 

1253.5 

2.376 

2.624 

2300 

3 

3.5 

1232.2 

729.5 

1250.3 

2.366 

2.630 

Average 

2.371 

2.627 

9.7 

14.9 

34.9 

2275 

12.3  | 

1 

4 

1237.4 

730.2 

1246.5 

2.387 

2.624 

2500 

2 

4 

1235.9 

729.1 

1248.9 

2.378 

2.619 

2425 

1          3 

4 

1240.4  1 

731.6 

1251.2 

2.387 

2.610 

2350 

|    Average 

2.384 

2.618 

8.9 

14.9 

40.3 

2425 

13.4 

1 

4.5 

1241 

737.2 

1245.6 

2.441 

2.582 

2590 

2 

4.5 

1244.5 

736-4 

1249.5 

2.425 

2.589 

2375 

3 

4.5 

1237 

727.2 

1243 

2.398 

2.587 

1950 

Average 

733.6 

2.412 

2.586 

6.7 

14.4 

53.5 

2483 

14.4   | 

i          1 

5 

1240.7 

1244.8 

2.427 

2.570 

2390 

2 

5 

1250.5 

740.6 

1254.4 

i             2.434 

2.571 

2150 

!          3 

5 

1247.3 

732.4 

1250.8 

2.406 

2.572 

2240 

|    Average 

|  '        1 

5.5 

'  1250.8 

739.8 

2.431 

2.571 

5.4 

14.2 

62 

2260 

14.1    | 

1253.5 

2.435 

2.555 

2090 

2 

5.5 

1250.8 

741.1 

1253.7 

2.440 

2.559 

2090 

3 

5.5 

1249.6 

741.7 

1252.9 

2.444 

2.558 

2090 

Average 

II^^M 

2440 

2.557 

4  6 

14.2 

67.6 

2090 

15.6 
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Test  Results  and  Mix  Properties  lor  Marshall  Mix  Design 

AC-20,  75  blows, 

CARBON  BLACK  Content :  15% 

Date  Tsted  :5/24/1 994         Tested  by  :TAESOON  PARK 


Sample  No. 

Asphalt 
Content 

Weignt  in 
Air(g) 

Weight  in 
Watef  (g) 

SSD(B) 

Vo!ume(cm3) 

Bulk  Specific 
Gravity 

Max.Theor 
Gravity 

Air  Void 

r%) 

VMA 

voias 
Filled 

Measured 
Stebilrty(lb) 

Flow 

1 

3.5 

1233.B 

732.2 

1253.7 

•  2.366 

2.646 

2275 

2 

3.5 

1233  J 

732.3 

1253.6 

2.366 

2.643 

2450 

3 

3.5 

1228.5 

729.8 

1247.6 

2.373 

2.636 

2425 

Average 

2.368 

2.642 

104 

15 

30.7 

2380 

12.2 

|          1 

4 

1239.6 

733.9 

1249.8 

2.403 

2.636 

2600 

2 

4 

12366 

733.2 

1247.6 

2  404 

2.635 

2625 

1          3 

4 

1242.1 

734.3 

1253.2 

2.394 

2.622 

2150 

1    Averaoe 

1242.6 

2.400 

2.631 

88 

14.3   138.5 

2455 

13.5 

1 

4.5 

1236.9 

730.8 

2.416 

2.608 

2150 

2 

4.5 

1235.6 

730.2 

1241.5 

2.417 

2.610 

2150 

3 

4.5 

1236.9 

724.3 

1241.1 

2  393 

2.603 

2300 

Average 

2.409 

2.607 

7.6 

14.5   |47.6 

2575 

14.9 

1 

5 

1248  4 

741.5 

1255.1 

2.431 

2.575 

2450 

2 

5 

1244.9 

738.2 

1255.5 

2.407 

2.556 

2350 

3 

5 

1244,1 

737.9 

1248.7 

2.436 

2.591 

2650 

Average 

2425 

|         2.583 

6.1 

14  4 

57.6 

2484 

13.2  1 

1 

55 

1256.3 

744.2 

1261  4 

2433 

2.568 

2350  1 

2 

5.5 

1256.2 

742.1 

1259.5 

2428 

2.569 

2325 

3 

55 

1252.7 

743.8 

1256.6 

2  443 

2.565 

2375 

Average 

2.435 

2.567 

5.2 

14.4 

63.9 

2350 

14  8 

Test  Results  and  Mix  Properties  tor  Marshall  Mix  Design 
AC-20,  75  blows, 
CARBON  BLACK  Content  :20% 

Date  Tsted  :  May  19.  1994      Tested  by  tTAESOON  PARK 
I  SSD(g)       ~ 


APPENDIX  E 
Determination  of  Optimum  Binder  Contents 
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VFA 
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c 

) 
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STABILITY 
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VMA 
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- 

/ 

i 

i 

i 

Asphalt  Institute  Criteria 

o— o 

U.S.  Army  Corps  Engr.  Criteria 

D-D 

INDOT  Criteria 
A— A 


Optimum  Binder  Contents 

A.l  :4.4  -  4.5  % 

IN  :  4.2% 

U.S.  Army  :  425  -  4.4% 


3.5 
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VFA 
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5               5 

.5               6 

A.I  :N/A 
IN :  5% 
j  U.S.  Army  :  5.2% 
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VFA 

AC10J 

-15%CB 

□ 

AIR  VOIDS 

A 

□ 

FLOW 

C 

i 

/ 

3 

STABILITY 

} 

[] 

VMA 

r 

5 

c 

J 

v 

A.I  :N/A 

IN  :  5.3% 

U.S.  Army :  52% 


3.5 


VFA 

AC  10- 

-20%CB 

D 

AIR  VOIDS 

A 

D 

FLOW 

c 

L 

* 

3 
1 

STABILITY 

D 

(. 

L       C 

p 

( 
I 

t 

> 

VMA 

j 

\ 

' 

I 

A.I  :N/A 

IN :  5.4% 

U.S.  Army :  5.2% 


3.5 


4.5 


APPENDIX  F 
Gyratory  Testing  Machine  Data  and  Gyrograph 


|gm  COMPACTION  AMD  SH£AK  TEST  FOR  BmftBNOUS  MIXTURES 
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DateJul  12,1994    Sample  ID--AC105P  CTM  ModekBA/SB/4C 

Meld  Dla:4inehee  Type  of  Ro4l«r:OII  Filled  Roller 

Compaction  Pre*     120    pel  Machine  Angle(To)*1.25  degree 

Total  Weight  of  Mlxature:  1256.2g       Weight  of  Sample :  1249:9g 

Height  at  30  Revolutions-  2^66' 

Height  at  SO  Revolutions-  2AS8" 

Initial  TheU«  1JO* 

Minimum  Thota-  0 A* 

Maximum  Thete-  1 


Binder  Content(Optlmum) :  5% 


Number  o 

Revolution 

CMuek 
Temo.fF) 

Roti«r  Pressure  (dsj 

Unrt 

Wegrrt 

Ob  TO) 

GSF 

P' 
<paO 

P/P" 

(psi) 

(ceil 

EG 

(ps.1 

GSI 

Specimen  Hepmlm.l 

Roller  Poortcri'1/2/3/4) 

»VB 

SO 

144 

18 

ie 

16 

16 

16 

1462 

1.35 

11.87 

ias 

su 

2340.7 

8320 

1.05 

2.57 

2-57 

2  565 

2568 

2.570 

too 

140 

15 

15 

16 

15 

1SJ 

152  6 

1JJ 

11.S1 

1.32 

508 

23006 

8212 

1.05 

2.484 

2.491 

2481 

2491 

2482 

150 

138 

U  1S 

15 

1* 

13 

145 

1SS.2 

1.28 

11.34 

1.28 

48.9 

2221.6 

5996 

1.10 

2  455 

2454 

2453 

2  452 

2454 

200 

139 

14 

15     |     12 

10 

12.75 

1565 

1.13 

11.24 

1.13 

434 

1870.7 

5321 

1.12 

2434 

2  432    2  431 

2431 

2  432 

250 

138 

12 

13 

8 

10 

11 

1S75 

0.96 

11.17 

088 

37.8 

1710.1 

4817 

1.16 

2  418 

2418 

2  416 

2.417 

2416 

300 

3^ 


-— '  -Q9 r °f — 
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S^CDMPACTOKAKQStgAft  TEST  FOR  BITUMWOUSMiynfflES 

DateJuly  12, 189  Sample  ID:  AC10(10P)      GTM  Mod»t*A/SB/4C  Binder  Content(Optimum)  :  S.1% 

Meld  Dlarelnehee  Typa  erf  RollenOII  FlH*d  Roller 

Compaction  Free     120    pel  Meehme  Angle(To)*1.25  degree 

ToUl  Weight  et  Mlx.tur.:  12S6JSg       Weight  of  Sample :  12S0.6g 

HelgM  at  SO  Revolution*"  2-SCB* 

Height  et  SO  Revolution*'  2-S57° 

Initial  Thetas  OM 

Minimum  TheU*  0.M 

Maximum  Theta«  0JM5 


Number  o 

Revoluoan 

Mad 
Chuck 
Temo.fR 

Rotter  Preeiur*  ids* 

urw 
(1b/n3) 

6SF 

P" 
(0*0 

p/p' 

Sg 

io*n 

eg 

Eg 

(p«|) 

GSI 

Soeamen  H*iom(vi.) 

Roller  Pcemanli  I2fiu\ 

*VQ 

SO 

145 

15     I     15 

16 

16 

16.0 

148.2 

1.35 

ii.se 

1.35 

51.5 

2342.3 

8324 

1.01 

2.S68I  2.568 

2  568 

2.S67 

2.566 

100 

142 

13 

16     I     17 

16 

1S.5 

1S2J 

1.34 

11£S 

1.34 

51 J 

2330.8 

8293 

1.07 

2.5 

2.5 

2.S 

2499 

2 -SCO 

1S0 

13S 

14     1      17 

IS 

15 

153 

154.6 

1.34 

11.36 

1.34 

SI  3 

2328.7 

6287 

1.07 

2  464  I  2.462 

2461 

2  46 

2462 

200 

139 

12     1     16 

13 

13 

13.5 

1S6.0 

1.20 

11.28 

1.20 

4S.7 

20794 

5614 

1.14 

2*42  1     2  44 

244 

244 

2.441 

2S0 

138 

12    J      14 

11 

12 

123 

1566 

1.09 

11.21 

1.00 

41.7 

18974 

SI  23 

1.19 

2  426 

2.427 

2427 

2.426 

2427 

300 

iGTM  COMPACTION  ANB SHEAR  TESTTOR BtTUWNOOS  MiXUIRES^ 
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DateJuly  12,  199    Sample  ID:  AC10(1SP)        GTM  Model:SA/GB/4e 

Mold  Dla:4lnchee  Type  el  Roll«r:On  Filled  Roller 

Compaction  Pree     120    pal  HhNm  Angle(To)=1.25  'degree 

Total  Weight  el  U  tisture:  1263.4$       Weight  of  Sample:  1 258.2  g 

Height  at  30  Revolutions"  2X7** 

Height  at  60  P. evolutional  SJSST 

Initial  Theta-  1J0S 

Minimum  Thau=  0.B7 

Maximum  Thetae  1.05 


Binder  Contant(OpUmum) :  5.4% 


Numeer  o 

RevouTjon 

Mad 
Chuck 

TemofPI 

Roller  Pressure  fosi) 

Unn 

wegnt 

ObrtO) 

SSF 

P' 
(pel 

P/P' 

s0 

(oil) 

(osi) 

(pal) 

OSJ 

Speamen  Heantfsi.l 

Roller  Rasmonf  1/2/314) 

*vfl 

SO 

iu 

1? 

17     |     16 

17 

16.8 

147.6 

1.41 

11  PI 

1.41 

537 

2441.9 

6593 

1.00 

2.S8 

2.578     2.S78 

2.578 

2.S79 

100 

142 

14 

16     |      17 

1S 

15.5 

151.8 

1.34 

11.59 

1.34 

51.1 

2323.0 

6272 

107 

2  51    |  2 .508  I  2.506 

2.507 

2.508 

ISO 

140 

12     |     IS     I      16     |       10 

14.0 

1S3.S 

1.23 

11  43 

1.22 

466 

2127.6 

5745 

1  13 

2  47S  I  2  474  |  2  473  |    2  472 

2474 

rx> 

139 

8 

IS     I      15     |        » 

120 

155.2 

1.06 

11.33 

1.06 

40.5 

1839.7 

4967 

1.13 

2455 

2  452  |  2  451        2  45 

1452 

250 

139 

6      |     12     |     11 

5 

8.5 

ise.i 

0.75 

11.27 

0.75 

288 

1310.2 

3538 

1.76 

2  44  |  2  439  I  2.436 

2436 

2.439 

300 

iGTM  COMgACTON  ANSSH£ftfi  T£STFORBmftHHOi)S  mXIUfJES. 
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DeteiJuly  12  19*4  Sample  ID:  AC10(20P)      GTM  Model:sA/GB/4C 
Meld  Dla:4inchea  Type  el  RoUerrOII  Filled  Roller 


Bindar  Content(Optlmum) :  5.7% 


Compaction  Pre*    120    pal 
Total  Weight  of  Mureture:  1266.7g 
Height  at  30  Ravehitlena'  2X95* 
Height  at  GO  Revolutlones  ££95* 
Initial  Thau*  1 
Minimum  Theta*  Ojb 
Maximum  Theta«  1 


Machine  Angle(To)»=1.25  degree 
Weight  el  Sample:  I26l.9g 


Number  o 

Mae 
Chuck 

T«mo.(F) 

Rair  Pressure  Idsj] 

Unit 
Weoht 

(IbffO) 

GSF 

P' 

(Mi) 

P/P' 

so 

<o») 

GQ 
leall 

Eg 

GSI 

Seeamen  Hepntdn.) 

RMIar  Posreond  /2J3/4) 

*«! 

SO 

148 

16    |     16 

15     |      15 

15.5 

147.4 

1.29 

12.03 

1.29 

49.2 

2238.0 

6043 

1.00 

2.605  1  2.604 

2.603  |   2  602 

2.604 

100 

143 

16     1      15 

15     1      15 

IS  J 

1513 

1.30 

11.71 

130 

48.7 

2260.0 

.  8102 

1.0B 

2.536     2537 

2.S36      2.535 

2.S37 

150 

140 

13 

16 

13     |       15 

14  J 

153-5 

153 

1155 

1.23 

47.1 

2142.7 

STBS 

1.19 

23 

2.5 

2.5 

2.5 

2.500 

200 

138 

14 

15 

13 

14 

14.0 

154.8 

1.22 

11  47 

1.22 

46.8 

211S.7 

5723 

151 

2  497|  2.478  1  2  478 

2  478 

2.483 

2S0 

13S 

13 

12 

12 

12 

12J 

158.0 

1.08 

1137 

1.08 

41.2 

1871.1 

5052 

155 

2463 

2.461 

246 

2.48 

2.481 

300 

\f=L- 


277 


IGTM  COMPACTION  AMDSHEAft  TEST.FOR  BlTUoflHOUS  WX^MWc&Z. ':ZZ "~.'l 

CTM  Modal:  BA/6B/4C 

Data:        Jul  14, 1994  Sampla  ID:     AC10(5CB)  Btndar  Contant(Opumum)  :  5 JB% 

Mold  Dla:4lnehaa  Typa  of  Rollar:  Oil  Rllod  Rollar 

Compaction  Praaaura*   120pal  Maehlna  Angla(To)e  i  .25  daoraa 

ToUl  Walght  of  Mtxatura:  1 247 J»g  Walght  ot  Sampia:1 241 J 9 

Halght  at  30  Ravotutiona>2£6' 

Halght  at  60  Ravohitlana*££4e* 

Initial  ThaUsljOOO 

Minimum  Tnata«0.£73 

Maximum  Thau*  0.999 


Numoar  0 
Ravolirecn 

uaa 
Otuck 
Temo.fP* 

RQUar  Prassur*  idsji 

una 
wagn 
(iB/10) 

GSF 

P' 

inn 

P/P' 

sg 

(wfl 

Eg 

(Oai| 

GSI 

Soaamwi  H»ant(m.) 

Roilar  Pcsraanll/2/3/4) 

A«, 

SO 

145 

13     I      IB     )      13     | 

12 

13.5 

1494 

1  18 

11.es 

1.18 

44  1 

2008.2 

5417 

1.00 

2.S2  I    2-5    I  2  54S  | 

254S 

2530 

100 

143 

e     |    is    I    is    j 

S 

12-3 

1S2.3 

107 

11  46 

1.07 

408 

18S6.2 

S012 

1.06 

2  432  I  2  481       2  48   | 

248 

2481 

ISO 

140 

7      |      15     |      13     I 

6 

10.3 

1S4.S 

081 

11J0 

0  91 

34.8 

1S74.B 

4252 

1.13 

2  449  1  24471  2  445! 

2445 

2447 

200 

13S 

13     |     15     1      10     | 

S 

10.8 

155  6 

OSS 

11.20 

0.96 

36.7 

1687.4 

4502 

1.14 

2  4251  2  425  1  2  422  1 

2422 

2424 

2S0 

13S 

13     |      12     j       i       | 

2 

90 

156  8 

081 

11.13 

0.61 

30  8 

1405.0 

3703 

1.16 

2  408  J  2  408 

2.408  I 

2408 

2.408 

300 

j 

| 

=T .Z3 
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SIM«^ACT?PN..frH&j8B£A8,  IESTFOR  Bm^?t55slMixmRES; ' ','  '~:»^T"ft 

GTM  Mod. I:  8A/6B/4C 

DMw       Jul14.1M4  Sample  ID:     AC10(10CB)  BmderCe«tent(OpUmum):5\2% 

Meld  0l«:4lnche*  Type  of  Roller:  Oil  Rll*d  Roller 

Completion  Praeauraa:  I20p»l  Maehlna  Angle(To)= 1.25  degree 

Total  WalgM  of  M  nature:  1 2S6.2g  WalgM  of  Sampled  248  Ag 

Height  at  30  Revolutlons=  2-688° 

Height  at  60  BevoUitlon»«2J65" 

Initial  Thet»«1.0"ie 

Minimum  Theta*0.878 

Maximum  Theta«  1  .000 


Revolution 

Mad 
Chuck 
Temo  rF> 

Roller  Pressure  foail 
Sowmm  Heght(m.) 

Ural 
Waght 

(IbrrOI 

GSF 

P' 

(o«0 

p/p' 

Sg 

(psn 

<P»0 

Eg 

(PS) 

esi 

Roller 

(1/2/3M 

1 

Avp 

SO 

145 

256 

2575 

2^71 

2.571 

16J 
2574 

147.B 

1.37 

11.B9 

1.37 

52.2 

2372.9 

6407 

1.01 

100 

142 

2.501 

25 

2.5 

2499 

15.0 
2.500 

152J 

150 

1155 

130 

49.6 

22555 

8090 

150 

140 

2485 

246 

16 
2.46 

13 
246 

145 
2461 

154.6 

1.28 

11J7 

1.27 

48.7 

2214.6 

5979 

1.07 

200 

138 

2441 

244 

rir-J 

244 

12.3 
2440 

1S6.0 

IDS 

11.26 

I.OS 

415 

1867.1 

SOBS 

in 

ISO 

139 

2.425 

2.425 

2425 

2.425 

115 
2425 

157.0 

1.03 

11.21 

1.03 

39.2 

1782.7 

4613 

1.14 

300 

h^ 



s»y   ; 



— r1— 

-^   i. . — i 

— <= 

'-D  . 

1 1 > 

! 

fed 

-^ 

; 
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GTM  Modal:  BA/6B/4C  — — — ———««»* 

Sampla  ID:     ACIO(ISCB) 


Data:        Jul  14, 1994 

Mold  Dla:4lnchaa  Tjrpa  o(  RoJIarr  OH  Flllad  Rollar 

Compaction  Praaauras   120pal  MaeMna  Angla(To)=1.25  dagraa 

Total  Walght  ot  Mlxatura:  1257 .2g  Waight  ol  Sampla:12S1.0g 

Halgnt  at  30  RavoluUona  =  Z£6" 

Halgnt  at  60  Ravotuttona«lS4" 

Initial  Thata«1X21 

Minimum  ThatasO.833 

Maximum  Thau  ■=  i  srai 


Bmdar  Contant(OpUmum) :  5 3% 
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jGTM  COMPACTION  ANO  SHgAB  TEST 3%X.BmmiWSiMXXtt&%K:^5£ 
GTM  Model:  BA/EB/4C 

Data:       Jul  14, 1994  Samp  la  ID:     AC10(20CB)  Binder  Centent(Optlmum) :  SjB% 

Meld  Dla:4lnehea  Type  et  Roller:  Od  Flllad  Roller 

Compaction  Praeeuree   120pal  MechineAngle(To)c1 .25  degree 

ToUl  Weight  of  Mlieture:  1261.5g  Weight  of  Sampled 254.1  g 

Height  at  30  Revolutionaries' 
Height  at  CO  Revoiutlonac£5ir- 
Initial  Theta*  1:501 
Minimum  ThetacCSSS 
Maximum  Theta*1.2S1 


Numpvo 

Ravolutton 

MOO 
Chuck 
TemD.(F) 

Rollar  Pressur*  loii) 

Una 
Wepht 

(lb/ID) 

GSF 

P' 

(pal) 

P/P' 

Sg 

<P*> 

(o»1 

Eg 

(WO 

GSI 

Specimen  Hegntfm.) 

na»r  Pcanend/20/4) 

A»fl 

SO 

145 

IE 

18     1      18 

10 

15.0 

151.1 

1.28 

11.89 

1.28 

49.0 

222S.S 

6018 

1.05 

2.534 

2.S29     2.528 

2.528 

2530 

100 

143 

12 

IE           18 

15 

1S.3 

155  J 

1 JU 

11.37 

1.34 

51 3 

23291 

6289 

1.10 

2.465 

2  46       2.4E 

2  46 

2.4E1 

ISO 

140 

6 

13          13 

8 

10.0 

IMi 

0-89 

11.28 

0.BS 

33.9 

1542.8 

41SS 

1.19 

2438 

2.437    2  435 

2.435 

2437 

300 

13S 

I      ° 

7            8 

4 

4.8 

157  £ 

042 

11.21 

0.42 

16.2 

738.1 

1987 

1.31 

2428 

2  42S     2  425 

2  425 

2.426 

250 

139 

0 

3 

4 

1 

2.0 

158.0 

0.18 

11.18 

0.18 

S.B 

310.7 

839 

1.45 

2.42 

2.42 

2419 

2.419 

2-420 

300 
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LOTM_COMPAernOM  AND  SHEAS  TEST  FOR  BTTUMJNCMS  HBXTUaES'.':""'":' 

GTM  Modal:  BA/6B/4C 

Data:  JuMS.  19»4  Sampla  LD. :  AC20  Binder  Contant<Optimuin) :  4.2% 

Meld  Dla:4lnehaa  Typ*  of  Rollar  Oil  Filled  Rollar 

Compaction  Fraaauras   120pal  MaeMna  Angla(To)«1.Z5  daoraa 

Total  Walght  of  Mlxatura:  1237 .2g  Walght  of  Sampi.:l234.i  g 

Halght  at  30  Ravolutiontc2f55* 

Halght  at  CO  RavoJutlona  =  Z495° 

Initial  Thata' 1.070 

Minimum  Thatas0.BS2 

Maximum  ThaU«0.9€» 


Numbar  o 
RavolutiGn 

Mac 
Crwck 

TamofF) 

Rdiar  Pftuur*  fo*] 

Una 
ffb/H3) 

GSF 

P' 

(pan 

P/P' 

foail 

GO 

loin 

Eg 

(no 

GSI 

Spaoman  Hargmliv) 

Rollar 

*Wit,cnM/20M) 

»*0 

SO 

144 

13 

16     |      14 

7 

12.5 

146  -5 

1.06 

11.82 

1.08 

40.4 

18366 

£550 

2S59  1  2.558 

2.556 

2.559 

100 

142 

12 

16     1     15 

6 

12.3 

isoe 

1.07 

11.51 

1.08 

40.7 

245 

2  49  |   2.49 

249 

2490 

150 

139 

,       7 

13     1     15 

7 

10.5 

1S2.2 

0.92 

11J8 

0  92 

35.3 

18024 

4326 

1.09 

2  464 

2  464  |  2  463 

2.462 

2.463 

200 

139 

243 

IS     j      16 
2  429  1  2  428 

6 
2  426 

12.3 
2429 

154J 

1.09 

11.22 

1.09 

41.7 

18960 

250 

139 

14 

14       j       14 

7 

12.3 

155.6 

1.10 

11.13 

1  10 

42.0 

19109 

5160 

1  12 

2  41    |    2  41    1  Z  406 

2.41 

2410 

300 

II 

282 


GTM  Mod*!:  6A/6B74C 

DataJul  13,1994  SamplalD:     AC20(5P)  Blndar  Centant(Optimum) :  4.7% 

Mold  Dla:4lnchaa  Typa  of  Rollar:  OD  FBIad  Hollar 

Compaction  Praaaurac   120pal  Maehlna  AngtafTo)=1.2S  dagraa 

Total  Walght  of  Mbtatura:  1 24S J»a  Walght  of  Sampla:! 244.»g 

Hatght  at  30  Ravolutiana*£«5r 

Halght  at  SO  Ravoiutiona=2^54* 

Initial  ThataatlJMf 

Minimum  ThatasO.805 

Maximum  Thata=0 JSSB 


Numpar  o 

Mod 
Cftucfe 
Tamo.fF) 

Roller  Praasura  (Mil 

Unit 
Wognt 

(lora) 

CSF 

P" 

P/P' 

so 

(oaf) 

Gg 
loan 

Eg 

(pan 

SSI 

SDaoman  Hajonuin.) 

Rollar  Porusend  (2/3/4) 

»VQ 

50 

148 

11      1      IS     I      IS 

15 

IS  6 

146.8 

1.32 

11.92 

1.32 

50.5 

2294 .8 

8108 

0.S8 

2.566  1    2  S3 

2.562 

2-562 

2.S80 

100 

1«J 

17     [      17 

16 

14 

16.0 

151.9 

1.39 

11.S2 

1.39 

53.1 

2412.8 

8515 

1.04 

2  423  1  2  433 

2493 

2.492 

2.493 

ISO 

141 

10          15 

16 

16 

14.3 

154.1 

1.26 

11.36 

1.25 

47.9 

217B.3 

5884 

1.09 

2  456  1  2  456 

2.456 

2.458 

2.456 

200 

138 

13     I      12    ]     12 

12 

123 

155.4 

1.09 

11.26 

1.09 

41.6 

1889.6 

5102 

1.18 

2  437  1  2  437  1  2437 

2.436 

2.437 

250 

139  . 

12     |      13     1      13 

10 

12.0 

156.4 

1.07 

11. IS 

1.07 

41.0 

1862.7 

5029 

1.17 

2.423  I  2.422  I  2.421 

2421 

2.422 

300 
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%TM  COMPACTION  AND  SHEAR  TEST.FOR  BTTUMJWOUS  *HXTUaES,  "*?3 

CTM  Modal:  0A/6B/4C 

Data:        Jul  13, 1994  SamplalD:     AC20(10P)  Blndar  Contant(OpUnuim) :  *JBX 

Mold  Dia:4lnehaa  Typa  of  Rollar  Oil  Flllad  Rotlar 

Compaction  Praaaurac   120pal  MacMna  Angla(To)cl.25  dagroa 

Total  Walght  of  Mliatura:  12£S.7g  Walght  of  Sampla:12S1  J»g 

Halght  at  30  Ravohitiona«2JS74* 
Halght  at  SO  Ha»oUrtiona«2JT7r 
Initial  ThaU'ljOaO 
Minimum  Tnata*0.7M 
Maximum  Thata>0.*61 


Numbaro 

RaveJutian 

Mao 
Chuck 

Ta-nD  (F) 

RoUar  PrasHjnt  lp«il 

Uret 

wagni 

mite) 

GSF 

P' 

<o»fl 

VIP' 

So 

loaii 

eg 

Eg 

(p»0 

GSI 

SMcmn  M^prtKm.) 

RBla-  Posn>on(l/2/3A«) 

ton 

50 

145 

16     ]      15 

14 

IS 

1S.0 

146.9 

1.25 

11J7 

1.25 

47.B 

2177.3 

587B 

1.01 

S.ssl  iie 

2-se 

2-SSS 

2.SS0 

100 

142 

14    J     16 

16 

16 

16.0 

150  8 

1.37 

11  86 

1.37 

S2  4 

23834 

S43S 

1.06 

2.524]  2.524 

2.523 

2  523 

2.S24 

ICO 

133 

14     |     16     |     15 

14 

1S.3 

153.1 

1.33 

11  48 

1.33 

508 

23074 

6230 

1.10 

2485 

2485 

2484 

2484 

2485 

200 

133 

14 

16 

15 

13 

145 

1S4.6 

1.28 

11.37 

1.28 

48.7 

2215  0 

5981 

1.15 

2  462 

2.461 

2  46 

2.46 

2461 

ISO 

139 

13 

13 

12 

IS 

13.3 

.    1S5.6 

1.17 

11.30 

1.17 

44.6 

2037.6 

5501 

1.20 

2446 

2444 

2444 

2444 

244S 

300 

u        .        — ~ 
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CTM  Model:  SA/GB/4C 

Date:       Jul  19, 1994  Sample  ID:     AC20(10P)  Matter  Contant(Opttmum) :  4.8% 

Meld  D4a:4mehe«  Type  of  Roller:  OH  Rltad  Roller 

Compaction  Prwaim  i2t>p»i         Machine  Angie(To)*i  .25  degree 

Total  Weight  of  Mtxature:  1255.7g  Weight  of  SampleM  251  Ag 

Height  at  30  R  evolution* =2-674' 

Height  at  CO  Revol<jtlena*2J79* 

Initial  Theta»1.040 

Minimum  Thotas0.7M 

Maximum  Theta*0.»61 


Number  o 
Rsvatuoen 

weld 
Chuck 
Temn.fFl 

Roller  Pressure  iov) 

Unit 

GSF 

P" 

ip»n 

P/P' 

SB 

fotfl 

Gg 

<P») 

Eg 

IPS) 

GSI 

Specimen  Hefontim.) 

Roller  Posmann  r2J3M) 

Avo 

50 

145 

16 

15 

14 

15 

15.0 

145.9 

1.25 

11.97 

1.2S 

47.9 

21 77 J 

5879 

1.01 

2.59 

2^9 

2.59 

2.589 

2.590 

100 

142 

14 

16 

16 

16 

16.0 

150.6 

1.37 

11.68 

1J7 

52  4 

2383.4 

643S 

1.06 

2.524J 

zsat 

2.523 

2.523 

2.524 

ISO 

139 

14 

18 

15 

14 

15  J 

1S3.1 

1.33 

11  46 

1J3 

50.6 

2307.4 

6230 

1.10 

2485 

2485 

2484 

2.484 

2485 

200 

139 

14 

16 

15 

13 

14.5 

1546 

1.26 

1137 

1.28 

48.7 

221  S.O 

5961 

1.15 

2.462 

2.461 

2.46 

2.46 

2.461 

ISO 

13S 

13 

13 

12 

IS 

13.3 

155.6 

1.17 

11  JO 

1.17 

44.8 

2037.6 

S501 

1.20 

2  446 

2444 

2444 

2444 

2.445 

300 
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&TM  COMPACTION  ANDSH£Afl  TEST  FOR  BITUMINOUS  MJXTOflES  '^ 

GTM  Medal:  0A/6B/«C 

Date:        Jul  11, 1»94  Sample  ID:     AC30(1SP)  Binder  Content(Optlmum) :  S .2% 

Meld  Dla:4lnchee  Type  of  Hollen  Oil  Filled  Roller 

Compaction  Praesurem  120pel  Machine  Angle(To)a1.25  degree 

Total  Weight  of  MlntUrK  ISSaSg  Weight  of  Sampla:1253Ag 

Height  at  30  Re»ohrtlon»  =  2.6&B" 

Height  at  60  B  evolution*  «2_S61' 

Initial  Then  =  1.053 

Minimum  Theta  =  0.B28 

Maximum  Tneta-1.071 


Number  o 
PievoiuBon 

Mold 
Chuck 
Tamo.  (PI 

Roile*  Pressure  (osrt 

Unrt 

Wegnt 

Ob /TO) 

gsf 

P' 

rstf 

P/P' 

Sfl 

to* 

Go 

(pel 

Eg 

(P»l 

SSI 

Soeamen  HeanifiYI 

Hone*  PcorWn(1/2/S/41 

Avfl 

50 

144 

14     1     19 

IS     I       16 

18  * 

1485 

1.41 

1157 

1.41 

539 

2451.9 

6620 

1.04 

2.568 

2-568 

2.568      2  568 

2566 

100 

141 

10 

15 

15     1       16 

140 

151.7 

1.21 

11.61 

1.21 

461 

20946 

S6S5 

1.13 

1514 

2512 

2512)    2.512 

2513 

1S0 

140 

12 

14 

13     1       15 

13.5 

1536 

1.16 

114S 

1.18 

450 

2047.7 

5S2S 

1  17 

2479 

2 478 j 2 478  |    2  47B 

2  47B 

200 

139 

10 

14     (      11      (       15 

12.5 

155.2 

1.10 

115S 

1  10 

411 

1912.2 

S163 

1.20 

2  459  1  2  457  |  2  457  I    2  456 

2.457 

2S0 

13S 

e     |    13   |    11    |     12 

11.0 

156.1 

0.P7 

11  29 

0.97 

372 

1692.6 

4570 

1.29 

2  444  |  2  443 

2  443  I    2  442 

2  443 

300 
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fgfJNr  COMPACTOtrAHDSH£AftaESXgORBma«^^^ 

GTM  Modal:  6A/6B/4C 

Data:        JullS,  1994  SamplalO:     AC20(20P)  Binder  ConUnt<OpUmum) :  SS% 

Mold  Dla:4inchaa  Typo  ol  Rollon  Oil  Flllod  Rollar 

Compaction  Praaaura'   120pal  Machlna  Ano>(To)=1.25  dograo 

Total  Walght  et  Mlxabjra:  las&Sg  Walght  ot  Samp4orI2S&5g 

Halght  at  30  RavolutJon»«2X8r 

Halght  at  SO  Ravolut)ona>££M* 

Initial  Th»u«1  .052 

Minimum  ThaU=o.B45 

Maximum  Thata«  1.008 


Numbaro 

Ravaunon 

Mao 
Cruoc 
Terro.fF) 

Raw  Prassur*  (D»"l 

Unit 
Waigm 
(lb/TO) 

GSF 

P" 

loan 

P/P' 

Sg 

(0*1 

Go 

lort 

Eg 

<P*0 

GSI 

Swuiimii  M«cni(rt) 

Raw  Pasmawi/2f3M) 

Aw 

SO 

147 

13 

16 

16 

15 

15.0 

147.8 

1.25 

11.96 

1.25 

47.9 

2177.7 

SBB0 

1.00 

2.592 

2  .see 

2.SB9 

2.567 

2.589 

100 

144 

e 

16 

15 

15 

13.5 

151  £ 

1.16 

11.67 

1.16 

44.2 

2009  2 

S425 

1.09 

2  528 

2.S26 

2.525 

2.S24 

2.526 

150 

141 

I     15 

13 

15 

14 

14.3 

153.6 

1.24 

11.51 

1.24 

47J 

2150.6 

5807 

1.13 

2.493 

249 

249 

2.49 

2491 

200 

139 

16 

13 

9 

11 

12.3 

154.9 

1.07 

11  41 

1.07 

41.0 

1664  J 

5034 

1.15 

2.47 

247 

247 

2  47 

2.470 

250 

139 

|_  10 

12 

7 

9 

95 

1SS.7 

0.64 

11.36 

0.64 

32.0 

1453.0 

3923 

1.18 

246 

2457 

2.457 

2.457 

2.456 

300 

i=e=F=J== 
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£™  COMPACTION  AND  SHEAR  ■ 
CTM  Modal:  BA/GB/4C 

Data:        Jul  14.  1S94  Sampla  ID:     ACSO(SC)  Binder  Contant(OpttaTuini)M.7% 

Mold  Dla:4lnchaa  Typo  of  Rollar:  Oil  Flllad  Rollar 

Compaction  Praaauraa   i20p«l  Machlna  Angla{To)«1.25.dagraa 

Total  Wolght  of  Mlxaturo:  123&£g  Wolght  of  Sampla:1233.4g 

Halght  at  30  Rovoluttona*2JSe* 
Maight  at  CO  RavoKroena«2JS4* 
Initial  Thatt*  1.11 6 
Minimum  ThatacOJUl 
Maximum  Thata  =  0.S«3 


Numoar  e 

Ravotuecn 

wad 
Chuck 

Tamo  IF) 

Rollar  Preaaura  (D»il 

urn 

GSF 

P" 

(BUI 

P/P' 

Sg 

(Dill 

eg 

(P»0 

Eg 

(P«0 

GSI 

Soaciman  Hoe-num.) 

RMS) 

Roliar  Ppar&onf  1/2/3/41 

*»5 

SO 

146 

10 

15 

16 

9 

12-5 

1468 

1.08 

11.81 

1.08 

404 

18384 

4984 

1XO 

2.56 

2.555 

2.5S5 

2-554 

2-558 

100 

143 

9  J 

16 

15 

9 

12.3 

151 .2 

1.07 

11  47 

1.07 

406 

18548 

5008 

1.03 

2485 

2482 

2  482 

2482 

2463 

150 

141 

11 

15 

16 

J 

12.6 

153.2 

1.13 

11.32 

1.13 

431 

1958.9 

S2B4 

ixe 

2*5 

2  449 

2  449 

2449 

2449 

200 

139 

e 

13 

15 

11 

11.8 

1547 

1.0S 

11.21 

1.05 

401 

1821.0 

4917 

1.10 

2  427 

2  426  |  2  425 

2424 

2426 

250 

139 

13 

13     |      14 

«3 

133 

155  8 

1.19 

11.13 

1  19 

4JJ 

20671 

5581 

1.12 

2.41 

2  41    IHM 

2  406 

2  410 

300       ' 

s 
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GTM  Model:  «A/6B/4C """■^BJ^iUHia,;,,,.,.;..^ 

M^dD,.:^994  *""*•»*     AC20(10CB)  Binder  ConUntTOptlmum)*^ 

Meld  Dl«.4lncr-e.  Type  of  Roller:  Oil  Filled  Holler 

Compaction  Proeeure.   120p.l  Machine  Angle(To)»  1.2s' degree 

Height  at  30  Revolution.^  Z£»6- 
Height  at  60  Revolution.* ZJU' 
Initial  Thet«=1.063 
Minimum  Theta>0.B71 
Maximum  Theta  « 1.011 


1— JL         i ____j 
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iGTM  COMPACTOM  AND  SH£A«  TEST  FOR  BTTUMNboS  MIX^ES  \  ;'  r-  ' ,  3 

GTM  Modal:  8A/6B/4C 

Data:         Jul  1«.  1994  SamplalD:      AC20(15CB)  Bindar  Conl«it(Optln»m)i.1% 

Mold  Dla:4mehaa  Typa  of  Hollar  Oil  miad  Hollar 

Compaction  Praaavras    120pal  M.chin.  Angla(To)»1.2S  dagraa 

Total  Walght  of  Mlxatura:  1254 Jg  Walght  of  Sampla:1248^g 

Haight  at  30  RavolutionaK2£35* 

Halght  at  SO  Ravoiutlona«2JS- 

Initial  Thata  =  1.06S 

Minimum  Thata«0.S*4 

Maximum  Thau*  1 .037 


Numbar  o 
Aavauvon 


Mad     (Rata*  Pnmura  (pan 


Chucx    jspaoman  Hwontlm.) 


a  IF)  JRaig  PosipcnM/2/314) 


2-34      2.536  I  2.538  |    2.536 


2*72  |    2  47  |    2  47        2  47 


2  436  I  2  437     2  435  I    2  435 


242  |  2*16  I  2  4161    2416 


2  409  1  2  406  1  2  405  |    2  403 


Unn 


1S3  8 


158.0 
1S7.1 

158  0 


1  40 

1-33 


P' 
(P*0 


11  18 
11,12 


1  47 
1,40 


SB 

JE£_ 


Go 
(paf) 
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pTM  COMPACTION;  JJafcSBgWTESTrEO&BtTUWNOOS  -$jaXTUaBS\'Z^^:ii 
STM  Model:  OA/SB/4C 

Date:        Jul  14, 1994  Sample  ID:     ACaO(20CB)  Binder  Cont«nt(OpUmum):5.4% 

Meld  Dla:4lnches  Type  of  Roller:  Oil  Filled  Roller 

Compaction  Preeeure*   120p«l  Machine  Angle(To)=1.25  degree 

Total  Weight  of  M  Ixeture:  1 261  JOg  Weight  of  Sampled 2SS.7  g 

Height  at  30  Revolution*  =2.66" 
Height  at  GO  Re»oluUan»i2_S3S* 
Initial  TheU«1JD64 
Minimum  Thet»=0 AS1 
Maximum  Theta*1.120 


NumDero 
Ravauoon 

una 
cnuck 

T«mo.(F) 

Roller  Pressure  (osjI 

Unit 
(ib/m) 

GSF 

P' 

(orl 

P/P" 

Sg 

lot!) 

GO 

(p«1 

Eg 

asi 

Specimen  Hoqntlin  1 

Raier  Posnran(1/2/3/4) 

*»9 

SO 

148 

16     |      17 

16 

13 

1S.S 

1515 

1.33 

11.85 

1.33 

SOB 

2310.5 

6238 

1.01 

;.wl  2.541 

2.S 

2.5 

2-522 

100 

1ii 

14          IE 

18 

B 

140 

154  6 

1.23 

11  42 

1.23 

46.8 

2129.2 

S749 

1.08 

2  475  |  2  471 

2  471 

2  47 

2.472 

iso 

141 

»        |       ,4 

16 

5 

11.0 

156.8 

0.03 

11.27 

o.ee 

37.3 

18947 

4576 

1.15 

2  441  |    2  44 

2  44 

2  439 

2.440 

200 

139 

6        1       11 

12 

0 

7.3 

1S7.8 

OSS 

11.18 

oes 

24.8 

112S.4 

3038 

1.21 

2  4251  2  422 

2  42 

242 

2422 

250 

13S 

0      1      7 

7 

3 

4.3 

158  4 

0.36 

11.15 

0.38 

14.8 

862.4 

1788 

1.33 

24isj  2.412 

2411 

2.41 

2412 

300 

APPENDIX  G 
Comparison  of  GSF,  Sg  and  Gg 
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Gyratory  Shear  Index 


Gyratory  Shear  Factor 


10       15       20       25 


PCB(CB)   Content(%) 


10      15      20      25 
PCB(CB)  Content(Z) 


AC-10  Mixture  (50  Revolutions) 


60 


Gyratory  Shear  .   psi 


Gyratory   Compression  Modulus, pei 


55    - 


50 


45 


40 


35 


-5        0         5        10       15       20       25 
PCB(CB)  Content(%) 


10       15      20      25 
PCB(CB)   Content(%) 
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Gyratory  Shear  Index 


Gyratory  Shear  Factor 


10       15        20       25 


1.50 


PCB(CB)   Content(%) 


10       15      20      25 
PCB(CB)   Content(%) 


AC-10  Mixture  (100  Revolutions) 


Gyratory  Compression  Modulus, psi 


10      15      20      25 


PCB(CB)  Content(%) 


8000 


7500    - 


15      20       25 


PCB(CB)   Content(%) 
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Gyratory  Shear  Index 


Gyratory  Shear  Factor 


15       20       25 


PCB(CB)   Content(%) 


10       15       20       25 
PCB(CB)   Content(%) 


AC-10  Mixture  (150  Revolutions) 


Gyratory  Shear  .  psi 


Gyratory  Compression  Modulus, psi 


15      20       25 


7000 


6500 


6000 


5500 


5000 


4500 


4000 


3500 


3000 


PCB(CB)  Content(%) 


-5       0         5        10       15      20      25 
PCB(CB)  Content(%) 
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Gyratory  Shear  Index 


10       15       20      25 


PCB(CB)   Content(%) 


Gyratory  Shear  Factor 


10       15       20       25 
PCB(CB)  Content(%) 


AC- 10  Mixture  (200  Revolutions) 


Gyratory  Shear  .   psi 


20      25 


6000 

5500    - 

5000 

4500 

4000 

3500 

3000 

2500 

2000 

1500 

1000 


Gyratory  Compression  Modulus, psi 


- 

1 

1 

1 

s 
\ 
\ 
\ 
\ 
\ 
s 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
s 

S 

\ 
s 
\ 
\ 
s 

\ 
\ 
\ 
s 

s 

\ 
\ 

s 

\ 
\ 
\ 

\ 
\ 
s 

- 

PCB(CB)  Content(%) 


-5       0         5        10      15      20      25 
PCB(CB)  Content(%) 
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Gyratory  Shear  Index 


10        15        20        25 


PCB(CB)   Content(%) 


Gyratory  Shear  Factor 


1.25 
1.20 
1.15 
1.10 
.1.05 
1.00 
0.95 
0.90 
0.85 
0.80 
0.75 
0.70 
0.65 
0.60 
0.55 
0.50 
0.45 
0.40 
0.35 
0.30 


- 

\ 
\ 
\ 
\ 
\ 
\ 

N 
\ 

\ 

\ 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

I 

\ 

\ 

- 

-5       0         5        10       15      20      25 
PCB(CB)   Content(%) 


AC- 10  Mixture  (250  Revolutions) 


50 
45 
40 
35 
30 
25 
20 
15 
10 


Gyratory  Shear  .   psi 


- 

\ 
\ 
\ 
\ 
\ 
\ 
s 
s 
\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

N 
\ 
\ 
K 

\ 

\ 

-5       0         5        10       15       20      25 
PCB(CB)  Content(%) 


6000 
5500 
5000 
4500 
4000 
3500 
3000 
2500 
2000 
1500 
1000 


Gyratory  Compression  Modulus, psi 


- 

"I 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
s 

N 
\ 
S 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

\ 

\ 
\ 

s 

- 

5        10       15      20      25 
PCB(CB)   Content(%) 
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Gyratory  Shear  Index 


10       15       20       25 


PCB(CB)   Content(%) 


Gyratory  Shear  Factor 
1.50  , p 


10       15       20       25 
PCB(CB)   Content(%) 


AC-20  Mixture  (50  Revolutions) 


Gyratory  Shear  .  psi 


60 


55 


50 


45 


35    - 


30 


\ 
r-\ 

S 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 


-5       0         5        10       15      20      25 
PCB(CB)  Content(%) 


8000 

7500 

7000   - 

6500 

6000 

5500 

5000 

4500 

4000 


Gyratory  Compression  Modulus, pai 
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I 

I 

\ 
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\ 

I 

s 
\ 
\ 
\ 

\ 

I 

_\ 
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\ 
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\ 

-5       0        5       10      15      20      25 
PCB(CB)  Content(%) 
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Gyratory  Shear  Index 


20      25 


PCB(CB)   Content(%) 


Gyratory  Shear  Factor 

T 


10       15       20      25 
PCB(CB)   Content(%) 


Ac-20  Mixture  (100  Revolutions) 


60 


55    - 


50    - 


45    - 


4-0    - 


35    - 


Gyratory  Shear  .  psi 


30 


- 

\ 
\ 
s 
\ 
\ 
\ 

1 

\ 
\ 
\ 
\ 
\ 

\ 
\ 
\ 

\ 
\ 
\ 
N 
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\ 
\ 
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\ 
\ 
s 

1 
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\ 
\ 
\ 
\ 
\ 

-5 


D         5        10       15      20       25 
PCB(CB)  Content(%) 


8000 

7500 

7000    - 

6500 

6000 

5500 

5000 

4500 

4000 


Gyratory  Compression  Modulus, psi 
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\ 
\ 

\ 
\ 

\ 
\ 
\ 

s 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

! 

\ 

\ 
\ 
\ 
\ 
\ 

— 

-5       0         5        10       15       20      25 
PCB(CB)   Content(%) 


298 


1.30 


Gyratory  Shear  Index 


1.25    - 

1.20    - 

1.15 

1.10 

1.05 

1.00 

0.95 

0.90 

0.85 

0.80 
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